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PREFACE. 

To 

Contributors  and  Subscribers. 

G-BNTLKifEN, — When  Major  Lang  leflb^  I  asked  him  would  he 
wish  any  notice  taken  of  the  necessary  change  of  Editorship,  to 
which  he  replied  that  he  thought  it  better  the  **  Papers  '*  should 
go  on  as  a  matter  of  course,  and  I  therefore  did  nothing.  As 
however  the  supply  of  matter  for  them  seem  to  have  met  with 
a  sudden  check,  I  think  it  best  to  call  notice  to  the  fact,  and  to 
request  that  Officers  will  not  relax  their  hithertd  successful  en- 
deavours. I  can  only  say  that  I  will  do  my  best  to  see  that 
articles  are  brought  out  in  the  usual  good  form,  &c. 

I  propose  to  institute  a  small  change  next  year,  which  I  trust 
will  meet  with  approval,  viz.,  to  follow  the  example  of  the  R.  E. 
Professional  Papers,  and  pul)}ish  each  article  as  a  separate  pam- 
phlet, but  bound  up  in  quarterly  numbers  as  heretofore.  This  will 
allow  of  ready  separation  and  re-binding  by  subjects,  or  of  selected 
articles.  The  only  objection  is,  that  of  necessity  there  may  be 
a  blank  page  or  two  in  the  quarterly  number,  but  this  is  not 
serious. 

I  also  thought  of  trial  of  a  sort  of  Appendix  to  contain  short 
notes^  which,  though  perhaps  not  enough  to  urge  a  man  to 
write  ''  an  article/'  may  be  very  interesting.  For  example,  a  short 
note  on  the  working  of  any  new  work,  or  plan,  described  in  any 
previous  article,  stating  its  success  or  failure,  would  often  be  most 
valuable.  Instances  where  plans  proposed  by  one  officer  had  been 
successfully  applied  by  another,  &c.,  &c.     But  it  should  be  under- 


IV  PREFACE. 

stood^  that  no  argument  could  be  admitted^  or  we  migbt  never 
stop.     I  shall  be  glad  to  receive  contributions  for  this. 

I  would  also  request  contributors^  who  draw  their  plans  fresh, 
to  confine  them  between  border  lines  8  inches  apart  in  depth,  the 
breadth  is  immaterial,  but  top  or  bottom  folds  are  very  awkward. 
See  any  number  published.  Plans  already  drawn  we  can  reduce 
here. 

Finally,  I  have  the  pleasure  to  announce  that  on  account  of  the 
sanction  received  to  supply  copies  to  Exec.  Engineer's  offices,  the 
issue  from  next  number  will  be  reduced  to  Rs.  12,  or  Rs.  14  in- 
cluding packing  and  postage. 

Yours  sincerely, 

A.  M.  BRANDKETH,  Major,  R.E., 

Ediior. 
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No.  CCXIV. 

NEW  GOVERNMENT  COLLEGE  AT  LAHORE, 

[  Vide  Plates  I.  to  IV.] 


Building  designed  by  W.    Pukdon^  Esq.,  M.  InaL  C.E.,  8updg. 

Engineer. 
Constructed  by  Rai  Kunhta  Lal  BAHADua,  As8oe»  Inst.  C.E., 

Exec*  Engineer^  Lahore, 


The  new  Lahore  College  is  built  as  per  plan  accompanying,  [Plate  IV.) 
It  contains  accommodation  for  a  College,  Zillah  School,  and  Normal 
School,  with  a  large  Examination  and  Lecture  Hall,  and  two  large  rooms, 
one  for  Library,  and  the  other  for  Models,  <&c. 

The  College  and  Zillah  School  consist  of  12  large  class  rooms  30'  )< 
20'  each,  and  4  small  ones  20'  X  15'  each,  or  16  in  all,  of  which,  8  are  in 
the  lower,  and  8  in  the  upper  story. 

The  Normal  School  has  4  large  class  rooms  80'  X  20'  each,  and  4 
small  ones  15'  x  20'  each,  or  8  in  all,  of  which  4  are  in  the  lower, 
and  4  in  the  upper,  story.  The  two  rooms  heyond  the  Normal  School, 
each  30'  x'l8',  connected  by  a  wide  arch,  are  to  be  used  as  Library,  and 
Model  room,  and  the  rooms  above  these  in  the  upper  story,  will  be 
used  as  Principalis  and  Assistant  Principal's  rooms.  The  Examination 
and  Lecture  Hall  is  55'  X  35',  with  a  gallery  10  feet  wide  all  round, 
access  to  which,  as  well  as  to  the  upper  rooms  of  the  Normal  School,  and 
the  Library,  is  given  by  means  of  pucka  masonry  staircases,  in  two 
small  rooms  (at  the  back  of  the  hall)  10'  x  10'  inside.  Access  to  the 
upper  rooms  of  the  College,  and  Zillah  School  is  given  by  means  of  a  wide 
staircase,  in  an  octagonal  tower,  at  the  north-west  corner  of  the  building. 
The  connecting  passages,  and  the  verandahs,  are  10  feet  wide  throughout. 
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The  building  is  constracted  according  to  the  following  specificatic 

Specification. 

Foundation, — After  the  groand  which  the  building  is  to   occti 
properly  cleared  and  levelled,  the  foundations  to  be  marked  and  exca* 
and  properly  dressed  to  about  12  inches  wider  (on  both  sides^  tfai 
brickwork.     The  bottom  of  the  excavations  to  be  carefully  leyellec 
dressed,  and  then,  three  feet  of  concrete  (consisting  of  one  part  of  Jc/ 
lime  siftings,  one  part  of  surki,  and  one  part  of  good  fresh  burnt  ki 
lime,  well  mixed,  watered,  and  turned  over  with  shovels)  to  be  giv 
layers  of  six  inches  each,  well  rammed  and  thoroughly  consolidated  ; 
successive  layer  being  given  while  the  lower  one  is  wet.     When  the 
Crete  bed  is  finished,  the  top  layer  to  be  properly  levelled,  and  mai 
of  small  bricks  laid  in  good  kunkur  lime  mortar,  to  be  executed  « 
dimensions  given  on  plan.     After  the  masonry  of  the  found atio 
finished,  the  extra  space  dug  on  both  sides  of  the  walls,  to  be  can 
filled  with  earth,  well  rammed,  so  as  to  leave  no  hollows  close   U 
foundations.    The  concrete  bed  is  necessary,  owing  to  the  loose  nata 
the  soil  of  the  foundations,  which  has  been  ascertained  by  excava; 
made  for  the  purpose  at  places  on  the  site.     Good  firm  soil  is  met 
at  a  depth  of  12  feet  below  the  surface,  and  on  this  account,  the  fom 
tions  are  made  13*  feet  deep,  of  which,  three  feet  is  to  be  concrete,  an4 
rest  filled  with  pucka  masonry. 

Foundations  of  steps  to  be  two  feet  deep  below  the  surface,  of  wt 
one  foot  is  to  be  concrete  work,  and  one  foot  filled  with  pucka  masonr, 
small  bricks. 

Plinth, — After  the  foundations  are  finished  in  the  manner  descrii 
above,  the  thickness  of  walls  in  the  plinth  to  be  carefully  marked  on 
top  of  the  masonry  of  the  foundations,  leaving  an  ofiset  of  three  in( 
on  either  side. 

The  plinth  to  be  built  of  small  pucka  bricks,  laid  in  good  knnknr  lit 
mortar ;  the  plinth  of  the  outer  walls  being  faced  with  large  9''  X  4^^"  x  I 
bricks,  thoroughly  burnt,  and  well  shaped,  and  properly  cut  and  dresse 
and  laid  in  Flemish  bond,  with  dose  joints. 

jSt«pa.— The  steps  to  be  of  large  pucka  bricks,  carefully  cut,  and  lar^^ 
on  edge,  in  good  kunkur  lime  mortar,  (made  of  nine  parts  of  kunkur  aq 

*  The  foundations  of  the  tower  are  15  feet  deep,  fi  feet  of  which  is  of  concrete,  and  10  feet 
pucka  maeonx7. 
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one  of  stone  lime,)  with  close  joints,  and  robbed  smooth.    The  outer  edge 
of  the  steps  to  be  chamfered. 

Floor  of  lower  rooms  and  verandahs. --The  floors  of  lower  rooms  and 
verandahs  to  consist  of  well  bnmt  flat  tiles,  12'  x  12'^  x  2^'',  carefully 
dressed  and  laid  in  good  lime  mortar,  (same  as  for  the  steps,)  with  fine 
joints,  and  the  whole  rubbed  smooth  and  even.  The  tiles  of  the  floors  to 
rest  on  six  inches  of  pucka  masonry  of  small  bricks,  over  six  inches  of 
concrete,  well  beaten  and  consolidated. 

The  filling  in  of  earth  below  the  concrete,  to  be  well  rammed. 

Floor  of  upper  rooms  and  of  gallery  and  verandahs. — The  floor  of  upper 
rooms,  passages  and  gallery,  to  consist  of  planks  1^  inches  thick,  and  of  the 
verandahs  to  be  made  of  lime  terrace,  four  inches  thick,  well  beaten,  over  a 
layer  of  flat  bricks  or  tiles,  resting  on  sound  and  well  seasoned  deodar 
wood  kurries  and  beams,  the  former  having  a  rest  of  nine  inches,  and  the 
latter  of  18  inches  on  the  walls,  on  continuous  wall  plates,  except  where 
there  are  chimneys.  The  ends  of  the  kurries  and  beams  resting  on  the 
walls,  to  be  coated  with  tar,  laid  on  hot,  and  a  clear  space  of  half  an  inch 
to  be  left  round  them  for  the  free  circulation  of  air.  The  beams  to  be 
18'  X  10'°^  laid  four  and  a  half  feet  from  centre  to  centre  for  the  main 
rooms ;  IS''  X  lO'^  four  feet  from  centre  to  centre  for  the  small  rooms ; 
18'  X  12'^  six  feet  from  centre  to  centre  for  the  square  tower  ;  and 
IV  X  7"  five  feet  apart,  for  the  verandahs,  passages,  and  gallery.  Kur- 
ries for  main  rooms,  verandahs,  passages,  and  gallery,  to  be  b^"  x  3', 
for  small  rooms  5^  X  3^,  and  for  the  tower  6^  X  4"^,  all  one  foot  from 
centre  to  centre. 

Masonry  of  Superstructure. — The  outer  walls,  outer  face  of  inner 
verandah  walls,  and  all  the  exposed  parts  of  superstructure,  to  be  of  large, 
sound,  well  burnt,  and  well  shaped  bricks,  9'  X  4Y  ^  ^'f  carefully  dress- 
ed, and  laid  in  Flemish  bond,  with  straight  and  fine  joints.  The  outside 
brickwork  to  be  very  carefully  dressed,  and  the  mouldings  and  ornamen- 
tal portions  to  be  properly  and  neatly  executed,  as  per  plan,  and  the  whole 
of  the  dressed  brickwork  to  be  rubbed  smooth  and  even. 

The  bricks  to  be  u^ell  soaked  in  water  for  two  hours*  previous  to  being 
put  into  the  work,  and  the  mortar  to  be  made  of  the  best  fresh  bnmt 
kunkur  and  stone  lime,  in  the  proportion  of  nine  parts  of  the  former  to 
one  of  latter,  thoroughly  mixed,  and  well  ground  in  a  mortar  mill. 

*  Vide  PoDJAb  Specifications. 
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The  masonry  to  be  well  gronted  after  every  conrse  of  brickwork,  and 
eyery  day's  work  to  be  flooded  with  water  in  the  evening,  so  that  any 
crevices  left  in  the  brickwork,  may  be  filled  with  mortar.  The  tops 
of  unfinished  walls  to  be  also  kept  covered  with  water  till  they  are 
finished. 

Pucka  plaster,  tnner,^The  snperstrnctnre  to  be  pncka  plastered  and 
whitewashed  inside ;  the  mouldings  round  the  inner  pillars  and  archways 
of  the  Examination  and  Lecture  Hall,  together  with  the  cornice  of  the 
hall,  to  be  executed  roughly  in  brickwork,  and  finished  off  neatly  in 
"  gutchf "  or  sulphate  of  lime  plaster,  which  makes  a  very  good  cement 
for  interior  decorations  of  structures.  The  "gutch^*  plaster  to  have  a  thin 
coat  of  fine  white  lime  (made  of  chips  of  white  marble  burnt  for  the  pur- 
pose)  rubbed  smooth  and  even.  The  plaster  of  the  rest  of  the  walls  to  be 
made  of  good  lime  mortar,  made  of  nine  parts  of  best  kunkur  lime,  mixed 
with  one  part  of  fine  stone  lime,  and  the  whole  well  ground  in  a  mill.  The 
whitewash  for  the  inside,  to  be  made  of  pure  white  lime,  strained  twice 
through  a  cloth,  and  laid  on  in  two  or  three  thin  coats,  till  the  walls 
become  pure  white. 

The  slender  mullions,  tracery  of  the  windows,  and  the  columns  sup- 
porting the  north-west  spire,  to  be  of  black  stone,  obtained  from  the  hills 
at  Chineote,  in  the  Jhung  District,  and  the  bosses  and  pinnacles,  &c,,  of 
both  the  towers,  to  be  of  red  sandstone  obtained  from  Agra  or  Delhi, 
and  cut  to  the  proper  size  and  shape  as  per  plan. 

Boof, — The  roof  of  the  verandahs,  gallery,  and  passages,  to  be  flat, 
on  deodar  beams  12'*  x  6',  at  five  feet  apart  from  centre  to  centre,  over 
which,  are  to  be  placed  kurries  5'  X  8^,  one  foot  from  centre  to  centre, 
overlaid  with  flat  pucka  tiles  12''  X  12^  X  2^^,  covered  with  four  inches 
of  lime  terrace  well  beaten,  and  finished  with  a  coat  of  mud  plaster  one 
and  a  half  inches  thick. 

Boof  of  class  rooms  to  consist  of  large  slates,  laid  with  an  overlap  of 
eight  inches,  over  deodar  planking  one  inch  thick,  resting  on  deodar  battens 
3*"  X  2',  one  foot  apart  from  centre  to  centre. 

The  trusses  to  be  as  per  plan,  and  laid  five  feet  apart  from  centre  to 
centre. 

Boarded  ceiling  to  be  given  under  the  purlins  and  collar  beams. 

Roof  of  Examination  and  Lecture  Hall  to  be  same  as  above,  the  tms- 
ses  being  11  feet  from  centre  to  centre. 
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The  ExaminaUon  and  Lecture  Hall  to  haye  also  boarded  ceiling  ander 
the  collar  beams,  and  parlins,  which  is  to  be  ornamented  with  mouldings 
in  keeping  with  the  inside  of  the  hall. 

The  square  tower  to  have  a  pucka  masonry  spire,  faced  with  slates  on 
the  outside,  so  as  to  be  in  keeping  with  the  roof  of  the  class  rooms  and 
lectute  ball.      The  octagonal  tower  to  have  also  slate  roof  on  deodar 
rafters  and  battens. 

The  spire  of  the  square,  and  roof  of  the  octagonal  towers,  to  termi- 
nate in  stone  pinnacles,  and  iron  finials  (as  per  plan),  gilt  at  top. 

Ventilating  windows  with  Venetian  shutters  to  be  provided  (as  per 
plan)  in  the  spire  of  the  square  tower,  and  the  main  slate  roof  of  the 
building  to  have  two  large  ventilating  shafts. 

Scantlings  of  main  timbers  of  roofs  and  floors,  to  be  as  per  following 
detailed  calculations :-« 

ClLCITIiATlONS  07  ScAMTLINOS  07  BbAMS  70R  Ro07S  AMD  FlOORS,  &C« 

I.  Flat  roof  of  verandahs,  passages,  and  gallery  of  lecture  hall, 

Bpan, =         10  feet. 

Intervals  between  beams  from  centre  to  centre,         • .   =  ^    u 

Weight  per  foot,  superficial, =       100   lbs. 

Hien,  weight  acting  at  centre  of  beam,  or  W  =  10  x 

5xl00x-6= =  2,500    „ 

Strength  of  beam  12^  X  6^  =  ^ifx  10^>"         "  "^  ^'^^^    " 

II.  Floor  of  verandahs,  passages,  and  gallery  of  lecture  hall. 

Span, =  10  feet. 

Intervals  between  beams  from  centre  to  centre,          •  •  =  5    „ 

Weightperfoot,  superficial,  including  weight  of  men,  &c.,  =  200   lbs. 
Then,  weight  acting  at  centre  of  each  beam  ==  1 0'  X  5' 

X  200  X  -6,            =  6,000    „ 

Strength  of   beam   =   14*    x    7"    =z    ^]^^^^  = 

7  X  14«  X  600  ^  Q^f. 

ioo =  ^'®^"    " 

III.    Floor  of  class  rooms  80'  X  20'  each. 

Span, =        20  feet. 

Central  interval  between  beams,  =  4    „ 

Weight  per  foot,  superficial,  including  weight  of  men,  <&c.,  =      200   lbs. 
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Weight  acting  at  centre  of  beam  =  20  x  4  x  200  X  -5  =     8,000  ft)8. 
Strength  of  beam.  18»  X  10'  =  '^^^-^      "   =     ^''^^   " 

IV.     Floor  of  class  rooms  20'  x  15'  each. 

a  ..         -.   =         15  feet. 

Span,     . .  •  •  •  •  •  • 

Central  interval  between  beams,  =      ^'^^     " 

Weigbtper8uperficialfootincludingweightofmen,&c.,     =       200    lbs. 

Weight  acting  at  centre  of  beam  =  1 5  x  6-66  X  200  X  -5     =    9,990     „ 
Strength  of  beam  18^  X  10^  ==  '^^olHE^       '  ^   =  ''^'''     " 

V.     Floor  of  square  towei\ 

=         18  feet. 

Span,     ..•••••••  

Central  interval  between  beams,  =  ^     » 

WeigbtperBuperficialfootincludingweigbtofmen,&c.,    =       200  »>«. 

Weightacting  at  centre  of  beam  =  18  X  6  X  200  X  '5     =  10,800    „ 
Strength  of  beam  lo   X  i^   —      ^q  ^^  ig  »  " 

VI.     Tmssed  roof  over  class  rooms. 

. .   =        20  feet. 

5""' ::   .;   ..  =  uo .. 

Rise,      ..••••••  __  R 

Central  interval  between  trusses,         —  " 

Weight  per  superficial  foot  of  roof,  including  pressure  of 

wind,  &c., "  "        JI  ""        J    feet  ' 

Then,  slanting  height  of  roof  =  VlO*  +  14'  =   V2%  =    17  |  nearly. 
Weight  acting  verticaUy  at  apex  of  roof  = 
<_ 

2 


2  X  17  X  6  XJ50  ^^^  =  12,75a  „ 


W 

2 


W 


Strain  in  direction  of  rafter  =  -5-  cosec :  of  angle  of 

W  Length  of  rafter^ 

inclination    of  rafter  =  -^  X       Kise  of  roof     "" 

12,750X51  =   15,482  lbs. 

15482 

Sectional  area  of  rafter,  should,  therefore,  be  -^fij^  =    44  square 

.  Th.  «n«pporUd  length  .f  flter  tx,Ing  between  12  ««1  24  times  Ita  le»t  thickn...  hlf  the 
cocfflcient  only  U  take..  Into  the  c«lcul»tion. 
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inches  =  9"    x     5*  or  45  square  inches;  the  scantling  given,  vide 
plan,  9'  X  G**,  will,  therefore,  be  ample. 

Stmn  on  tie-beam  =  12,750  X  gfj^^S"  =  ^^,750  x  {J=  9,107  tbs. 

Sectional  area   of  tie-beam,  shonld,  therefore,  be  r   .       =  26  square 

inches,  or  aboat  5"  X  5"  only,  but  as  the  tie-beam  has  to  sustain 
the  weight  of  a  boarded  ceiling  also,  its  scantlings  hare  been  made 
12*  X  6'  as  per  plan. 
Strain  on  king-post,  ••  ..  ••  ••     =    12,750  tbs. 

Sectional  area  of  ditto  =     ^^       ■ =  86  sq.  inches. 

The  scantlings  given  on  plan  are  8"  X  6",  or  48  square  inches  at  the 

weakest  part. 

ci    .  V  12750  ^^  Length  of  brace 

otram  on  braces  =  — s—  X  -^ — j-c 

2  Riae  of  brace 

_  12750  ^  9  _  g  2QQ  ^^  ^^^^^ 

8200 

Sectional  area  of  brace,  should,  therefore,  be  .    .  „.^  or  24  square  inches. 

The  scantlings  given  on  plan,  are  6'^  x  6",  or  36  square  inches  which 

is  ample. 
Purlins  to  be  6''  X  4''  at  3^  feet  from  centre  to  centre. 
Ridge  pole  9"'  X  5^ 
Common  rafters  3^  X  2',  one  foot  apart  from  centre  to  centre. 

YII.     Trussed  roof  over  examination  and  lecture  hall. 

Span,     ••         ••         ••         ••         ••         ••         ..=  35  feet. 

Rise, =  27    „ 

Central  interval  between  trusses,         =  1 1    i» 

Weight  per  superficial  foot  of  roof,  including  pressure  of 
wind,  and  weight  of  trusses  and  ornamental  wood- 
work, &c.,    =  lOOibs. 

Then,  slanting  height  of  roof  =  Vi7-6'  x  27*,       .  •  =  32  |  ^^^j^ 
Weight  acting  vertically  at  apex  of  roof  =s 
2  X  82  X  n  X  100, =85,200  lbs. 


Stnin  on  rafter  =  85,200  x  ^^  °/  "^*"'  = 

'  Rise  of  roof 


35,200   X  1^  =  41,718  lbs. 


S^e^^zal  «r«  of  nfber  =     .^'   -  ^  CO  iscii^s  bck't.  wii5A  eiTes 


'^^'^  =6.>|^-^ 


gireo,  9^  X  6'  at  vaken  part, 
^rahi  oa  tie-beam  =  35^C»0  x  ^^ =  24,&40  fts, 

gei^icial  area  of  beam  = -———- =  70  f  ***  f* 

fkMuHlz^  jgiren^  W  x  6*,  or  72  square  inches. 

Yertieal  stnmi  at  bead  of  bTMxa  =  (32  x  11  x  100)  \  =  17,e«:>0  Ito. 

Length  of  each  brace  =  V ^'^  x  3-25*  ••  ••  =       5*5  feet. 


gtfaiD  on  each  brace  =  17,600  x  f^  ..         ..  =  21,511  fts. 

8ee&Dd  ««  of  b«ee  =  ^^  =  36  aqoan  iiic&a^  irUch  gire. 

the  seantlings  of  braces  at  6*  x  6*. 
Weight  on  each  nnsopported  portion  of  pnrlin  =:  11-4  x 

100  X -5 =    2,200  Ite. 

Strength  of  aboTe  portion  of  pnrlin  =  ^^^^  ^  ^^^        =    2,727  lbs. 

Weight  on  each  unsupported  portion  of  common  rafter 
s=  4  X  1  X  100  X  -5         =        200  Iks. 

Btraigth  of  aboTe  portion  of  common  rafter  ^  \o^^  =       ^^^  ^^ 

The  scantlings  of  the  rarions  pieces  may,  therefore,  be  as  follows : — 

Principal  rafter, 12'  x  6' 

Bang-post  (in  the  middle), 9'  x  ft" 

He-beam,           12*  x  6* 

Braces, 6'  x  6' 

Purlins, ..         ..  10"  x  6* 

Common-rafters,            ..         ..  3'  x  2* 

Bidgepole,        12*  x  6'' 

Wall  pUtes,  large,         6'  x  4' 

„        „      small, •         ..  4'  x  3' 
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Vertical  pieces  for  ornamental  panelling,         ••  ..       6'  x  6'' 

))  }}  )>  •  •  ■  •       u     X   4 

Hoiizontal  pieces  for  „  ,,         ,,  ••     12'  x   6* 

Fmnework  of  panelling,  2^^  thick. 

Ptnelfl,  1"    do. 

The  aboTe  scantlings  will  be  ample,  as  the  best  picked  deodar  wood 
wiH  only  be  need  for  the  woodwork  of  the  roofs. 

Doors  and  windows. — The  doors  and  windows  to  be  made  of  sonnd 

indwell  seasoned  deodar  wood,  2^  inches  thick,  with  mnllions  |-incli 

thick ;  joints  to  be  accnratelj  fitted,  and  dimensions  to  be  as  per  plan. 

Hie  doors  and  windows  to  be  glazed  as  shown  on  plan,  (except  the  upper 

windows  of  the  towers,  which  are  to  be  Venetian,)  to  be  fitted  with  English 

bolts,  and  hung  on  English  hinges.    The  fanlights  to  be  made  to  open  and 

shut  for  purposes  of  yentilation. 

Pucka  comtce.— The  outer  and  inner  cornices  to  be  made  of  dressed 
pncka  masonry  of  large  bricks,  set  in  good  kunkur  and  stone  lime 
mortar,  with  fine  joints,  and  the  mouldings  ciit  properly  in  bricks. 

Ironwork, — ^The  railings  in  the  archways  of  the  upper  story,  and 
the  finials  of  the  two  towers,  to  be  made  of  iron,  properly  worked,  and 
the  finials  to  be  gilt  at  top. 

Painting  and  varnishing, — All  the  woodwork  of  roof  and  floors,  doors, 
windows,  yenetians,  &c.,  to  be  properly  vamished,  of  tiin  wood  colour. 
Iron  railings  to  be  painted  black,  or  of  slate  colour. 

Fixtures, — A  wooden  staircase  with  railings,  to  be  provided  in  the 
square  tower,  and  the  whole  of  its  woodwork  to  be  properly  fitted,  and 
varnished.  Punkahs  with  hooks  and  ropes  to  be  provided  for  all  the 
rooms. 

The  work  to  be  carried  on  as  quickly  as  practicable,  after  date  of  com- 
mencement. And  after  completion,  all  the  rubbish  and  spare  materials  to 
be  removed,  and  the  ground  trimmed,  and  the  whole  place  made  tidy  and 
pat  in  a  proper  state,  to  be  made  over  to  the  Educational  Department. 

Abstract  of  Cost  of  Nbw  Gollbge  and  Norhal  School  at  Lahore. 

Earthnark. 

eft  .       ,,  Ba 

3,94,122     Excavation  of  fonndtttion,  at  Rb.  3  per  1,000,       1,182 

B,73,720     Earthwork  of  approaches  and  filling  low  groond,  at  Rs.  4  per  1 ,000,     3.495 

Carried  over,    .,  4,677 
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Brought  forward,     ••       4,677 

8.  ft. 

1,58,500    Turfing  of  ^roand,  at  Rs.  3  per  1,000, 476 

Clearmg  rubbish  after  completion  of  work,  at  Rs.  3  per  1,000,. .  665 

Boad  MetaL 
eft 
23,850    Brick  foundation  of  approaches,  at  Bs.  4  per  100,  . .        .  •  954 

23,850    Kunkur  metal  of  approaches,  at  Rs.  8-8  per  100, 2,028 

Bricklayer**  Work, 

90,955  Concrete  work  of  foundation,  at  Rs.  14>12-6  per  100,    . .        . .  13,444 

1,18,161  Fucka  masonry  of  foundation,  at  Rs.  18-5-10  per  100,    . .        . .  21.701 

28,475         „          „           plinth,  at  Rs.  26-3-2  per  100, 7,460 

3,883         „         „           steps,  at  Rs.  34-0-9  per  100, 1,322 

2,83,890        „         „           superstructure,  at  Rs.  36-13-6  nearlj 1,04,422 

r.  ft 
7,764    Inner  cornice,  at  Rs.  0-4-}  per  foot,         1,952 

4,982    Outer  cornice,  at  Rs.  0-13-2  per  foot,        4,089 

2,219    Dressed  outer  mouldings  of  upper  story,  at  Rs.  0-&>5  par  foot,. .  896 

c.a 

732    Ornamental  parapet,  at  Rs.  56-11-1  per  100,        415 

I'looring  and  Boofing, 
s.  ft. 
20,272    Tiled  floor  of  1st  story,  at  Rs.  1 6-1 1-5  per  100, 8,888 

7,342    Tiled  floor  of  2nd  story,  at  Rs.  18-12-9  per  100, 1,880 

11,563    Flat  roof  covering  of  porches,  and  upper  yerandahs,  &c,  at 

Rs.  11-15-8  per  100 1,385 

Plastering  and  Whitewashing, 
s.  ft 
77,654    Flain  inner  pucka  plaster,  at  Rs.  4-12-6  per  100 8,713 

14,395  Ornamental  plaster  of  moulding  of  hall,  at  Rs.  1 1-3-2  per  100, . .  1,61 2 

22,293    Fine  plaster  of  mouldings  of  hall,  at  Rs.  5-1-8  per  100 1,138 

77,654    Whitewashing,  plain,  at  Rs.  0-4-2  per  100,           202 

36,688  „            rubbed  smooth  of  do.,  &c,  at  Rs.  3-3-10  per  100,  1,189 

Masons*  Work. 
eft 
1,253    Red  stone  work,  including  carriage,  at  Rs.  4-13-8  per  foot,       ••        6,081 

4,245    Chineote  stone  work,  including  carriage,  at  Rs.  7-3-5  per  foot,  • .      80,630 

Slaters*  Work, 
8.  a 
22,635    Slate  roof  covering,  at  Rs.  47-13-6  per  100,         10,640 

2,390    Slate  facing  of  spires  of  towers,  at  Rs.  26-14-6  per  100, .  •        •  •  643 

Carpenters*  and  Joiners*  Work, 

11,601    Boarded  floormg  of  2nd  story,  at  Rs.  28-10-6  per  100,  .  •        . .        8,350 
12,196    Doors  and  windows,  at  Rs.  1-7-3  per  foot, ..      17,755 

Carried  over,     ..     2,47,507 
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i^ 
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Bronght  forward,     ..  2,47,507 
No. 

2    YenUlatiiig  shafts,  at  Rs.  251  each,            502 

s.  ft 

16^82     Boarded  ceiling  of  slate  roof,  at  fis.  0-3-3  per  foot  nearlj,        .  •  3,900 

22,635     Flanking  under  the  slates,  at  Rs.  0-3-3^per  foot  nearly,   .  •        •  •  4,647 

2,487     Pankahs,  at  Rs.  0-8-1  per  foot  nearly,        1,244 

149  Wooden  staircase,  at  Rs.  3-0-0  per  foot  nearly, 447 

c.  ft 

113     Very  long  timbers  for  trussed  roof,  at  Rs.  8-13-1  per  foot  nearly,  428 

594     Long  timbers  for  trussed  roof,  at  Rs.  3-4-8  per  foot  nearly,      .  •  1,955 

3,850     Short  timbers  for  tmssed  roof,  at  Rs.  2-2-5  per  foot  nearly,        .  •  8,284 

1,950     Long  timbers  for  wooden  floor,  at  Ks.  3-3-5  per  foot,       •  •         •  •  6,266 

533     Bhort  timbers  for  wooden  floor,  at  Rs.  2-4-6  per  foot,       •  •         • .  1,217 

334     Long  timbers  for  flat  roof,  at  Rs.  3-5-8  per  foot  nearly 1,120 

1,801      Short  timbers  for  flat  roof,  at  Rs.  2-2-9  per  foot  nearly, ..         . .  3,910 
4,439     Bnrgahs  and  wall  plates  for  flat  roof  and  wooden  floor,  at   Rs. 

1-12-6  per  foot  nearly 7,789 

amiths*  Work. 

a.  ft 

1,225     Iron  railings,  ornamental,  at  R&  3-13-3  per  foot,            ••        ..  4,692 

r.  ft 

404     Lxmridging,  atRa.  2-12-Operfoot,           1,110 

mds. 

100     Iron  for  tmsses  of  hall,  at  Rs.  25-0-0  per  mannd, 2,500 

150  Iron  for  trasses  of  other  rooms,  at  Rs.  21-0-4  per  maund,          • .  3,256 

2     Lightning  conductors  and  clock,       • .         • 4,000 

2     Iron  finials  for  towers,  at  Rs.  250  each,       . .        500 

Total  Rupees,      ..  3,05,274 

Add  contingencies,  at  5  per  cent,        15,263 

Grand  Total  Rupees,    . .  3,20,537 

K.  L. 
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No.  CCXV. 


RAILWAY  DIVIDENDS. 


By  Major  T.  F.  Dowden^  B.E.^  Asioc.  InsL  C.E. 


In  the  following  paper,  the  author  has  endeavoured  to  Bummarise  a  few 
of  the  leading  points  which  have  come  uuder  his  ohsenration  during  the 
last  fire  years  in  connection  with  the  economy  of  railway  construction 
and  working,  while  employed  in  the  Consulting  Engineer's  department 
under  the  Goyemment  of  Bombay. 

The  rate  of  progress  and  expansion  of  the  system  of  Railways  in  India, 
under  a  guarantee  from  the  Indian  Treasury,  being  a  matter  at  the  pre- 
sent time  depending  almost  wholly  on  the  dividends  received,  must  make 
it  an  object  of  the  first  importance  to  ascertain  all  the  leading  principles 
which  directly  affect  the  dividends,  and  it  is  very  certain  that  some  are 
apt  to  be  overlooked.  It  is  not  the  object  of  this  paper  to  refer  to  the 
considerations  which  may  render  a  railway  desirable  at  all,  or  to  the 
political  and  commercial  reasons  that  may  influence  those  considerations 
in  its  location. 

They  must  all,  however,  be  more  or  less  subordinated  to  the  ways  and 
means,  and  provided  there  is  scope  for  the  operation  of  railways  and 
capital  forthcoming  to  make  them,  the  first  object  is  then  to  secure  capa- 
bility in  exact  proportion  to  the  requirements,  at  least  cost  for  greatest 
durability  in  construction,  with  facilities  for  working  at  a  minimam  expense. 

The  author  experiences  some  diffidence  in  treating  a  subject  on  which 
so  little  appears  to  have  been  written,  and  does  not  claim  to  do  more  than 
put  forward  a  short  paper  embodying  the  views  he  has  been  led  to  form 
with  the  amount  of  information  at  present  open  to  him. 

The  subject  is  such  a  wide  one  for  investigation,  and  has  so  many 
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ramifications,  that  it  is  extremely  difficult  to  avoid  difftiseness  and  stick 
to  leading  points.  It  is  yery  certain  that  errors  of  detail,  involving  large 
sacrifices  of  capital  and  dividends,  mast  occur,  unless  the  leading  prin- 
ciples of  railway  practice  are  clearly  understood.  Just  as  it  is  necessary 
to  proceed  from  the  great  triangulation  of  a  survey  to  the  smaller,  and 
from  thence  to  the  field  survey  and  plane  tahle  to  make  all  parts  fit  in,  so 
it  is  necessary  in  the  case  of  railways  to  fix  the  bearings  well  before  we  start, 
and  it  is  proposed  in  the  present  B^ssay  to  indicate  some  of  those  principal 
bench  marks  which  must  of  necessity  come  more  familiarly  under  the  eye 
of  the  Engineer  than  of  the  financier. 

Eailway  Dividends. 

The  net  earnings  depend  on — 

A.  (i).     The  gross  receipts  from  the  work  done ; 
(ii).     The  gross  expenses  for  doing  the  work ; 

the  difference  between  these  constitutes  the  net  earnings. 

The  dividends  which  may  be  declared  with  a  given  net  earning  depend 
on  the  amount  of  capital  sunk  in  providing  the  machinery. 

B.  The  capital  necessary  for  providing  the  machinery  consists  of-» 
(1).     Cost  of  ^tnal  constructive  works  (labor,  materials,  supervi- 
sion, &c.) ; 

(2).     Cost  of  land,  law,  compensation,  &c. 

The  former  (1)  is  alone  concerned  in  the  matter  of  the  power  or  capa- 
bility of  the  machinery  to  do  the  desired  work  at  least  cost,  and  on  which 
both  the  gross  earnings  (i),  and  gross  expenses  (ii),  must  largely  depend, 
and  it  is  highly  essential,  therefore,  that  economy  and  skill  should  be  spe- 
cially secured  in  all  construction.  It  is  the  particular  province  of  the  En- 
gineer to  endeavour  to  attain  as  near  to  perfection  as  possible  in  regard  to 
these  matters,  and  seeing  the  importance  of  the  subject,  it  is  not  to  be 
wondered  at  that  projectors  should  hasten  to  avail  themselves  of  the  best 
engineering  talent  procurable. 

It  is  very  clear,  therefore,  that  for  financial  success,  capability  of  ma- 
chinery must  at  least  be  in  proportion  to  the  cost  of  it,  other  things  being 
constant,  but  it  will,  perhaps,  be  seen  further  on,  that  by  careful  adapta- 
tion of  the  size  of  the  machinery  to  the  work  to  be  done  by  it,  capability 
may  be  got  at  a  diminished  cost  per  unit,  the  larger  the  number  of  units 
of  work  to  be  done,  by  transferring  as  large  a  proportion  of  the  work  as 
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possible  from  labor  to  the  mechanical  agency  of  heat  and  the  durability 
of  materials. 

An  axiom,  well  understood,  lays  it  down,  that  a  machine  should  be 
proportioned  to  the  work  it  has  to  do,  and  all  the  parts  of  the  machine 
should  bear  a  constant  proportion  to  one  another  and  the  whole,  which  it 
is  as  well  to  bear  in  mind. 

It  is  very  evident,  therefore,  that  in  considering  any  of  the  elements 
which  go  to  affect  the  dividend s,  and  which  may  be  grouped  under  three 
principal  heads — 

(i).     Gross  receipts ; 
(ii).     Gross  expenses; 

(iii).     Cost  and  capability  of  the  machinery; 
we  shall  fall  into  error  if  we  neglect  to  consider  the  influence  which  an  al- 
teration of  those  elements  under  any  one  head  will  have  on  the  dividends, 
through  the  action  exercised  on  elements  comprised  under  any  of  the  other 
principal  heads. 

As  regards  the  cost  of  land,  law,  compensation,  &c.,  in  construction  (2)^ 
the  charges  form  amounts  depending  on  the  comparative  prosperity  of  the 
country,  the  demand  for  land  and  absence  of  legislation  for  acquiring  it  at 
a  market  value  apart  from  the  special  value  conferred  on  the  land  by  the 
demand  for  railway  purposes.  These  charges,  while  they  in  no  way  go  to 
increase  the  capability  of  the  lines  for  work,  result  in  a  large  diminution  of  the 
dividend  from  a  given  net  earning ;  on  the  other  hand,  those  net  earnings  may 
be  sustained  at  a  high  figure  by  the  high  rates  which  a  rich  and  prosperous 
people  may  be  in  a  position  to  pay  for  transport.  Still,  it  cannot  be  conced- 
ed that  high  rates  are  in  the  interest  of  the  community  generally,  and  the 
only  way  that  low  ones  could  be  secured  with  highest  dividends  would  be 
by  legislation  transferring  the  burden  of  the  unproductive  capital  cost  to 
the  public  generally,  but  this  could  only  be  done  with  a  system  of  rail- 
ways constructed  and  worked  by  the  State  in  the  interest  of  the  public. 

The  advantage  of  State  agency  would  not  be  fully  realised  except  by 
legislation  to  restrict  excessive  compensation  and  to  simplify  the  law  pro- 
cesses, &c.  This  would  benefit  the  community  at  large,  though  it  might 
restrict  the  area  of  individual  private  gain  from  railway  construction. 
The  transfer  to  the  State  of  all  the  existing  English  railways  at  the 
average  market  rate  of  all  the  stocks,  would  apparently  not  be  attended 
with  extraordinary  difficulty,  and  would  not  probably  involve  a  larger  in- 
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terest  payment  than  the  average  present  net  earning  of  all  the  railways 
taken  together ;  and,  indeed,  as  Government  conld  raise  money  cheaper 
than  private  companies,  it  is  very  probable  there  would  be  a  margin  of 
profit. 

C.  If  the  construction  capital  B  (1)  really  represents  the  economical 
capability  of  the  line  for  executing  a  given  quantity  of  work  in  a  fixed 
time,  it  is  evident  that  with  a  fixed  construction  capital  spent  in  appliances, 
the  gross  receipts  cannot  be  increased  by  augmented  quantity  of  traffic, 
for  the  line  cannot  carry  it.  But  the  receipts  may  be  increased  from 
increased  rates,  provided  the  number  of  units  offering  be  not  in  conse- 
quence diminished,  and  there  is  no  limit  to  the  rates  which  companies 
may  charge  in  their  own  interest,  but  that  which  tends  to  prevent  the  line 
receiving  the  full  quantity  of  traffic  for  which  it  is  designed. 

But  it  is  possible  by  capital  additions  to  increase  the  capability  of  lines, 
often  in  a  greater  percentage  ratio  than  the  percentage  ratio  of  increased 
cost.  Sach  capital  additions  generally  take  the  form  of  improvements 
and  new  inventions,  which  are  legitimately  brought  to  bear  to  increase 
the  capability  and  consequently  the  receipts,  but  the  limit  to  their  intro- 
duction is  when  the  expenses  of  working  are  increased  by  them  in  the 
same  or  a  greater  ratio  than  the  interest  of  the  capital  cost  of  them.  This 
ia  not  seldom  the  case  where  the  additions  or  inventions  tend  to  throw  too 
large  a  proportion  of  the  whole  work  per  unit  on  to  skilled  labour  in  work- 
ing. A  striking  exemplification  of  this  can  be  found  in  the  nomber  of 
accidents  on  over-worked  lines  attributed  to  the  fallibility  of  human 
agency,  and  which  would  have  been  avoided  in  a  system  combining  a 
greater  proportion  of  mechanical  efficiency  and  certainty  per  unit  of  work 
done,  only  obtainable  through  a  proper  proportion  of  lines  of  rails,  sidings, 
&c.,  for  a  giyen  quantity  of  traffic  on  a  given  gauge. 

D.  What  we  want  to  know,  therefore,  is — the  economical  capability 
for  a  given  capital. 

It  must  clearly  mean  that  quantity  of  traffic  which  gives  least  cost  per 
unit  conveyed,  consisting  of  working  expense  (a),  and  interest  on  the  cost 
of  construction  (b),  taken  together. 

It  must  also  be  clear  that  under  these  circumstances  alone  can  the  divi- 
dend be  largest,  provided  the  rates  are  maximum  fixed,  but  not  higher  than 
xnil  admit  of  the  line  receiving  the  full  economical  quantity  of  traffic  for 
which  it  is  designed. 
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It  is  hardly  necessarj  to  point  out  that  scarcely  any  railway  company 
can  tell  what  the  cost  of  carrying  their  units  of  traffic  is,  and  they  mnst 
therefore  be  working  in  the  dark  as  regards  the  best  effect  their  capital 
expenditure  is  capable  of  producing  in  regard  to  dividends,  if  carefully 
watched  in  every  particular  and  adjusted  to  the  number  of  units  of  traffic 
offering,  under  all  circumstances,  so  as  to  render  the  employment  of  least 
labour  necessary  per  unit,  and  to  transfer  the  largest  portion  of  the  whole 
power  required  for  all  the  units  to  the  agency  of  machinery,  at  the  same 
time  taking  care  not  to  provide  more  machinery  than  will  render  the  charge 
for  interest  on  the  cost  of  it  per  unit  least. 

E.  Now  as  regards  rates  which  may  be  charged,  these  depend  on  the 
demand  for  accommodation  and  the  powers  possessed  by  companies 
through  monopolies  to  restrict  it  by  high  charges. 

In  the  absence  of  monopolies,  it  is  certain  that  competition  must  sooner 
or  later  tend  to  provide  new  lines,  and  reduce  profits  where  they  are  high, 
till  a  level  of  the  ordinary  rate  of  interest  for  good  security  is  reached. 
With  the  abolition  of  monopoly,  which  would  result  from  a  comprehensiTe 
State  system  of  railways,  excess  profits  over  the  ordinary  rate  of  interest 
for  good  security  would  disappear  in  the  reduction  of  rates  and  fares,  which 
it  would  be  to  the  interest  of  every  individual  in  the  country  to  obtain. 

Not  only  are  the  public  at  present  charged  too  high  for  the  service  ren- 
dered, owing  to  the  monopoly  of  the  highways  by  private  persons,  but  the 
yery  dividends  coming  to  these  persons  are  severely  diminished  by  the 
excess  capital  charges  under  the  system  which  has  obtained  for  land, 
compensation,  &c.y  B  (2),  which  are  estimated  to  hare  amounted,  in  Eng- 
land, by  some  authorities,  to  one-third  of  the  total  expense  of  the  lines. 

The  only  part  of  the  excess  fares  charged  the  public  by  the  compa- 
nies, which  is  recovered  by  the  country,  is  the  passenger  duty.  A 
duty  on  locomotion  cannot  be  a  good  thing  in  itself,  but  could  not  be 
foregone  under  the  circumstances.  It  is,  however  a  concurrence  of  the 
country  in  a  form  of  tax  tending  to  restrict  development,  which  might 
have  been  better  sustained  in  the  shape  of  interest  on  cost  of  land,  &c,j 
acquired  for  Btate  railways. 

This  waste  of  power,  which  could  only  have  occurred  in  a  country  over- 
burdened with  activity  and  riches,  calls  for  attention  now  that  there  is  a 
general  dullness  of  trade  and  a  want  of  employment  for  capital  and  labour. 

The  evils  of  unpunctuality  and  dreadful  accidents  chiefly  occurring  on 
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the  OTertazed  lines,  tbongh  they  hare  occupied  the  attention  of  all 
authorities  for  years,  have  necessarily  proved  irremediable ;  the  system  of 
capital  expenditure  under  which  they  have  been  produced  would  sufficiently 
account  for  them. 

We  know  well  how  the  best  energies  have  been  brought  to  bear  on  the 
signalling  department,  on  points  and  crossings,  telegraphy,  and  other 
machinery,  all  of  which  has  seriously  gone  to  increase  the  element  of 
human  fallibility,  while  at  the  same  time  increasing  the  working  expenses 
for  labour  and  also  the  capital  cost  of  the  lines,  whereas  perhaps  much 
more  real  efficiency  and  safety  would  have  been  gained  by  an  expenditure 
of  capital  for  new  or  relief  lines,  sidings,  &c.,  on  a  less  complicated  sys- 
tem of  working ;  the  dividends  would  very  probably  be  increased  by  the 
proceeding,  especially  where  companies  can  borrow  for  constructive  works 
at  the  market  rate  of  intereet,  and  through  them  obtain  a  power  of  earning 
at  a  monopolist  rate. 

It  is  well  known  that  machinery  can  effect  work  cheaper  than  labour, 
yet  much  energy  appears  to  be  lavished  in  increasiog  the  proportion  of 
labour  of  the  lines,  while  economical  capability  of  performing  the  work 
through  the  agency  of  durable  works,  materials  and  machinery  is  withheld, 
merely  to  save  the  interest  on  the  capital. 

The  faUacy  of  supposing  it  possible  to  close  the  capital  accounts  of  a 
Railway  with  a  growing  traffic  will  be  very  evident  from  the  above 
considerations. 

F.  Now  to  consider  the  economical  capability  as  defined  under  letter 
D.  It  is  as  certain  there  is  a  fixed  limit  to  it  as  that  there  is  a  limit  to 
the  weight  a  given  girder  will  bear,  the  load  a  horse,  donkey,  or  man 
will  draw  at  given  speeds,  &c.  If  this  limit  is  not  attained  on  the 
one  hand,  or  is  passed  on  the  other,  there  will  inevitably  be  increased  ex- 
pense, or  loss  of  power  somehow  or  another. 

G.  The  rates  may  first  of  all  be  eliminated  from  the  question  of  cap- 
abflity  of  the  works,  and  then  we  have  simply  this  definition  for  the  limit. 
"  That  quantity  of  traffic  which  gives  the  least  cost  per  unit  conveyed, 
the  cost  being  made  up  of  working  expenses  (1)  and  interest  on  the  cost 
of  the  works  (2)." 

(a).  If  there  is  little  or  no  traffic  on  the  line  there  will  still  be  a 
large  charge  for  interest  on  the  cost  of  the  works.  Tlie 
cost  per  unit  will  be  a  maximum, 
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For  voorhing  expense.    There  is  every  facility  prorided  for  the 
cost  per  nnit  to  be  a  minimum. 
(Jb).     If  there  is  no  railway. 

For  interest  on  cost  of  the  works.    The  cost  per  onit  will  be 

a  minimum. 
For  working  expense.    The  cost  per  unit  will  be  a  maximum. 
If  there  is  a  railway  and  some  traffic  we  must  get  all  the  gradations  of 
cost  per  nnit  conveyed  between  the  limits  of  (a)  and  (5),  according  to  the 
size  and  cost  of  the  railway  and  the  quantity  of  traffic  over  it. 

H.  With  an  increase  of  traffic  from  nil  to  a  maximum  for  a  given 
railway,  the  cost  per  unit  of  traffic  for  interest  will  diminish ;  and  if  there 
were  no  difference  in  the  working  expense  per  unit,  with  varying  quantities 
of  traffic,  there  would  be  no  limit  to  the  quantity  of  traffic  we  should  not 
seek  to  impose. 

But  the  contemplation  of  an  unlimited  traffic  is  first  of  all  opposed  to 
the  axiom  that  a  machine  should  be  proportioned  to  the  work  it  has  to  do, 
and  would  imply  an  advantage  in  an  excess  of  capital  expenditure  for  a 
given  quantity,  which  is  contrary  to  what  we  assume  as  desirable ;  and 
secondlyi  there  is  a  large  difference  in  the  cost  of  working  units  in  pro- 
portion to  their  number  for  a  machine  of  given  size. 
'  If  a  railway  is  to  be  made  to  work  only  a  single  unit,  it  must  be  maintain- 
ed. The  charges  for  this  form  a  considerable  item  in  the  expenses,  indepen- 
dent of  the  work.  Then  there  are  charges  for  direction,  management, 
and  establishments,  without  which  a  single  unit  could  not  be  conveyed. 
In  fact  the  expenses  may  be  wholly  divided  into  two  great  classes — 

(c).     One  containing  all  those  dejpending  for  their  amount  on  the 

work  actually  performed; 
(d).    The  other  comprising  all  those  depending  for  their  amount  on 
the  scale  of  construction. 
Under  the  former  head  (c)  may  be  classed  every  expense  caused  by  the 
actual  movement  of  trains,  and  these  principally  comprise  the  following 
items,  stated  in  the  proportions  which  at  present  seem  to  the  author  to 
result  under  the  most  favorable  conditions : — 
Head  (c). 

TrainStaff,  1 

Repairs  of  permanent  way,         1  due  to  work  done. 

Carried  forward,       ••  2 
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Uaintenanee  of  rolling  stock,       04    due  to  work  done. 

xllBl)  ••  ••  •••  ••  ••  ••       28 

Grewe,  Ml,  wMte,  &c,       ,^  ( indndkig  cleaning 

Tmin  stores,*  •  0^ 

ToUI,      . .     5 

He«l(rf).   RcpmiiB  of  permanent  way,         ..         ..  1    |  **°2„S'i^fli«7'^^' 

Rolling  stock,  0|  Da 

Admiiiistration  of  all  departments,         ••        ..1 

Mifleellaneoaa,  repairs  of  bnildings,  &c.,. .        . .  1 

Stationstaff,  1 

„       water  for  looomotive  engines,     •  •        • .  0^ 

„       stores  for  traffic  department,       . .        . .  0^ 

Total,        . .     5 
Grand  Total,     ..  10 

I.  Now  it  is  possible  with  a  giren  scale  of  ooDstrnction,  to  alter  the 
proportions  of  expenditure  under  these  two  great  diyisions. 

Fint  to  consider  if  too  few  trains  are  run, — If  only  one  train  was  run 
in  a  day,  the  expense  under  (c)  would  be  small  compared  with  that  under 
(d),  EndeaTours  would  then  be  made  with  considerable  success  in  such 
cases,  to  reduce  the  charges  under  head  ((Q  to  a  proportion  with  the 
small  charges  nnder  head  (c) ;  but  it  would  be  impossible  to  take  off  any- 
thing for  repairs  of  permanent  way  and  rolling  stock  due  to  time  and  the 
weather,  which  would  be  in  proportion  to  the  scale  of  the  construction,  or 
to  bring  down  the  other  charges  to  a  low  enough  proportion  with  so  small 
s  qoantity  of  work,  and  there  will  be  an  excess  cost  per  unit  in  this  class 
of  items  at  least,  and  the  inference  must  be  that  the  line  has  been  con- 
Btmcted  on  too  large  a  scale.  With  an  increased  number  of  full  trains 
the  chaiges  under  this  class  per  unit  will  continually  diminish  up  to  a 
eertsin  point,  while  the  charges  under  head  (c)  for  the  movement  of  trains 
will,  np  to  that  point,  not  be  materially  altered  per  unit. 

iVez<  if  too  many  trains  art  run  with  a  giyen  proportion  of  rolling  stock, 
it  would  result  in  a  higher  average  velocity  of  all  trains  in  order  to  get 
through  the  work  in  the  time,  and  this  means  an  increase  in  aU  the 
chaiges  except  train  staff  under  head  (c)  per  unit  performed. 

Again,  if  the  line  has  been  designed  with  too  large  a  proportion  of 
rolling  stock  for  the  accommodation  of  an  excessive  trafiSc,  and  a  single 
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accident  occurs  inYolying  the  replacement  of  capital  lost  and  payment  of 
compensation  from  revenue  which  might  have  been  avoided  with  a  smaller 
number  of  trains  running,  an  excess  cost  per  unit  will  have  been  occasion- 
ed traceable  to  the  smallness  of  the  scale  of  construction,  or  dispropor- 
tion of  parts,  and  the  excess  will  appear  under  nearly  all  the  items  of 
expense  in  class  (c)  while  at  the  same  time  some  charges  for  excess  work 
under  head  (d)  must  also  be  increased,  notably  ^^  station  staff, "  *'  water,  ** 
'^  stores ; "  also  the  durability  of  the  permanent  way  and  rolling  stock 
will  be  materially  affected  with  a  disproportion  of  capital  expenditure  on 
the  one  or  other  for  a  given  railway. 

Unless  durability  is  attained,  either  by  limiting  the  work,  or  increasing 
the  size  of  the  machinery,  and  consequently  its  capital  cost,  so  as  to  make 
the  repairs  equal  to  the  interest  of  money,  there  must  be  a  loss  in  work- 
ing expenses  more  than  regained  by  insufficient  capital  expenditure.  The 
loss  makes  itself  apparent  through  the  withdrawal  of  parts  of  the  ma- 
chinery for  too  frequent  renewal,  or  the  keeping  up  of  a  larger  stock  than 
would  otherwise  be  required,  if  the  work  is  not  to  be  interrupted  \o  effect 
the  renewals,  and  this  applies  particularly  to  the  rolling  stock ;  while,  as 
regards  the  permanent  way,  the  frequent  renewal  of  rails,  &c.,  evidently 
causes  the  labour  and  carriage  of  the  materials  to  the  site  to  form  so  much 
a  larger  proportion  of  the  whole  cost  than  if  less  frequent  renewals  were 
necessary,  and  besides  that,  there  is  a  great  waste  of  time  of  men  endea- 
vouring to  keep  the  way  in  order  between  too  rapidly  following  trains, 
and  often  the  work  has  to  be  done  at  night  at  the  expense  of  increased 
wages. 

J.  It  is  in  the  adjustment  of  the  size  of  the  machinery  to  the  work 
to  be  done  that  we  have  the  power  of  reducing  both  the  great  classes  [H 
(c),  (cf),]  and  each  of  the  sub-divisions  to  a  minimum. 

The  smaller  the  scale  of  construction  of  the  whole  machinery  the 
smaller  will  be  tbe  charges  under  head  (d) ;  but  with  reduced  size,  res- 
tricted capability  follows  in  proportion,  and  with  a  given  capacity,  the 
number  and  size  of  the  trains  is  a  fixed  quantity,  and  if  this  be  the  case, 
the  gross  charge  (c)  depending  on  it  must  also  be  a  fixed  determinable 
quantity,  and  the  charges  under  head  {d)  depending  on  the  size  of  the 
machinery  as  a  whole,  must  also  be  proportioned  to  the  charges  (c)  which 
depend  on  the  number  of  units  of  work  done. 

K.     But  neither  class  of  charges  per  unit  can  be  constant,  for  it  is 


RAILWAY    D1VIUKND6.  21 

veil  known  ibat  economy  resQlts  from  the  employment  of  larger  machines, 
if  there  is  full  work  for  them  according  to  their  capacity.  To  recognise 
the  truth  of  this,  we  may  take  an  example. 

If  a  cart  and  horse  with  a  single  driver  will  suffice  to  take  one  ton  a 
giTcn  distance,  it  will  be  cheaper  per  ton,  to  convey  two  tons  in  a  larger 
cart  even  employing  two  horses  ;  for  not  only  will  the  same  driver  per- 
haps do  for  both,  but  in  th^  case  of  the  larger  cart,  the  additional  strength 
tod  weight  of  the  vehicle  will  not  add  double  the  dead  weight  to  be  hauled. 
Neither  the  mechanical  work  nor  the  human  labour  required  will  be  so 
great  per  ton  of  freight.  Exactly  in  a  similar  way  does  the  size  of 
machinery  lead  to  the  economy  of  mechanical  or  human  effort  in  every 
case. 

The  larger  the  machinery,  the  cheaper  the  cost  of  doing  a  unit  of  work 
with  it.  But  the  financial  success  of  machinery  demands  that  no  more 
capiUl  should  be  sunk  than  will  just  provide  facilities  for  doing  the 
total  number  of  units.  Here  at  once  is  prescribed  the  practical  limit 
of  cheapness  which  it  is  possible  to  attain,  for  it  depends  evidently  on 
the  number  of  units  of  work  forthcoming  for  machinery  to  be  employed 
upon. 

It  will  be  too  great  a  divergence  here  to  attempt  to  examine  the  dif- 
ference of  cheapness  for  different  sized  similar  machines,  but  the  sum  of  it 
appears  to  be  the  substitution  of  the  maximum  paying  amount  of  mechani- 
cal for  human  agency  in  doing  the  work  and  dividing  the  remaining  human 
effort  for  working  over  the  greatest  number  of  units  of  paying  work, 
bat  restricting  the  machinery  to  the  exact  size  required  to  complete  them, 
and  no  more. 

L.  The  whole  expense  of  working  or  production  is  then  made  np  of 
iiUertst  on  the  capital  representing  the  annual  coat  of  the  least  quantity  of 
mechanical  power  that  will  suffice  D  (bj^  and  the  cost  of  the  minimum 
amount  in  working  and  maintaining  that  power  D  (a),  and  for  these  two 
classes  of  cost  to  be  both  least,  the  size  of  the  machinery  must  be  so 
limited,  and  its  mechanical  efficiency  so  perfect  that  each  may  be  half  the 
whole,  or  interest  must  equal  the  working  expense. 

^f  mechanical  efficiency  per  unit  is  to  be  obtained  in  proportion  to  the 
capital  expended  per  unit,  and  the  power  of  the  machine  to  do  a  given 
namber  of  such  units  can  be  made  in  proportion  to  the  whole  capital,  then 
^e  greatest  effect  per  unit  with  ^east  size  of  the  whole  machinery  will 
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result,  when  equal  amounts  of  capital  are  expended  in  ''  efficiency  "  on  the 
one  hand  and  '*  sufficiency  "  on  the  other. 

With  greatest  efficiency  per  nnit  ensured,  the  least  expense  of  produc- 
ing a  nnit  must  result,  and  with  a  capital  sufficient,  but  not  in  excess  of 
the  requirements  for  the  whole  number  of  units,  the  cost  of  sufficiency  per 
nnit  for  interest  must  also  be  least. 

When  efficiency  and  sufficiency  per  unit  are  equal,  the  machinery  is 
exactly  suited  to  the  work,  and  the  test  of  all  of  them  will  then  be  when 
the  working  expenses  equal  the  interest  of  the  cost  of  construction,  and 
the  least  total  expense  for  both  interest  and  working  expense  taken 
together  will  result. 

Thus  it  appears,  that  when  the  machinery  is  perfectly  worked — ^work- 
ing expenses  will  equal  interest  on  construction,  and — the  charge  under 
head  (d),  paragraph  H,  sometimes  called  "  fixed  charges,  '*  will  equal  those 
under  head  (c)j  usually  called  <'  train*^  or  '^ movemerU'*  charges. 

All  the  subordinate  heads,  both  of  "  construction  and  working  ac* 
counts,"  will  undoubtedly  also  have  direct  relations  to  one  another  for 
the  best  effect ;  some  of  them  have  been  attempted  to  be  investigated  by 
the  Author  in  his  '<  Notes  on  Railways,'*  which  it  is  not  possible  to  in- 
troduce here. 

It  also  appears  that  better  classes  of  machinery  may  be  employed  with 
greater  effect,  the  larger  the  number  of  units  of  work  to  be  done  by  them. 

M.  Now  this  all  agrees  with  what  we  know  of  machinery  in  genera!, 
and  all  mechanical  appliances.  As  regards  construction,  an  instance  may 
be  taken  of  the  progressive  improvement  of  means  of  transport. 

If  a  single  unit  has  to  be  conveyed,  it  is  highly  probable  that  it  may  be 
done  by  an  ordinary  labourer  without  any  preparation  whatever,  who  will  do 
it  cheapest.  If  more,  then  a  wheelbarrow  may  be  brought  into  operation, 
with  a  few  improvements  in  the  road,  the  addition  of  a  plank  or  two,  &c., 
&c  Next,  a  horse  may  possibly  find  sufficient  employment,  and  if  many 
loads  have  to  be  taken,  we  may  invest  in  a  cart  and  improve  the  surface 
of  the  road  to  lessen  the  traction,  which,  while  it  has  the  effect  mechani* 
cally  of  increasing  our  horse  power,  does  so  at  an  expense  for  the  replace- 
ment of  hard  material  in  the  road,  instead  of  a  greater  one  for  the  keep 
of  horses  and  men  in  doing  a  great  part  of  the  paying  work.  From  single 
horses  and  carts  we  may  proceed  to  macadamised  surfaces,  and  teams  and 
wagons,  always  improving  in  every  direction  equally,  so  as  to  keep  down 
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the  hnnuui  agency  and  animal  power  as  low  as  possible,  jet  endearonring, 
sll  we  know,  to  improye  the  road  surface  and  gradients  to  augment  the 
power  of  those  elements  to  the  utmost  consistent  with  the  capital  outlay 
warranted  by  the  number  of  paying  units. 

In  this  way  we  find  it  cheaper,  as  the  traffic  increases  to  widen  the 
roads,  bridge,  and  metal  them.  Finally  we  come  to  railways,  the  most 
efficient  machinery  yet  invented  for  general  transport  purposes,  which  can 
be  made  on  a  small  scale  or  increased  in  size  to  suit  the  traffic,  and  then 
we  apply  engines  instead  of  horses,  and  iron  and  steel  instead  of  road 
metal  to  sustain  the  work. 

N.  If  it  is  true  that  machinery  should,  in  whole  and  in  part  be  pro- 
portioned to  the  work  it  has  to  do,  all  the  parts  of  a  Railway  should  for 
the  best  effect  be  proportioned  to  the  gauge. 

Efficiency  and  sufficiency  will  be  best  provided  for  when  the  gauge  is  as 
the  square  root  of  the  ''  work"  to  be  performed  by  it,  whether  that  work 
be  the  overcoming  of  friction,  wind,  or  gravity. 

For,  in  order  that  least  cost  per  unit  of  work,  and  least  cost  of  machin- 
ery, may  occur,  it  is  necessary  to  proportion  the  size  of  the  machinery  so 
that  it  may  always  be  fully  employed,  and  no  more  or  less,  as  long  as 
any  expense  is  being  incurred  for  it.  To  proceed  to  fix  the  size  is  a  mere 
matter  of  arithmetic.  The  whole  traffic  being  given,  it  may  be  divided 
into  a  given  number  of  trains  a  day  of  fixed  size,  weight,  and  speed.  They 
most  each  have  a  complete  length  of  line  blocked  clear,  within  which  trains 
would  be  under  complete  control,  and  all  the  line  clear  lengths  must  have 
single  trains  running  on  them  throughout  the  entire  day,  since  wages  are 
paid  by  the  day.  In  this  way  the  whole  machinery  will  be  working  at  its 
maximom  of  efficiency  and  safety,  while  the  expenses  varying  with  the 
size  of  the  line  H  (d)  should  proceed  at  equal  rates  with  the  expenses  (c) 
for  the  movement  of  units  snd  the  whole  number  of  units  required  will  be 
completed  in  the  day's  work. 

By  this  arrangement  we  shall  have  the  smallest  train  loads  that  will 
niffice  for  the  whole  traffic,  and  it  remains  then  only  to  adjust  the  gauge 
so  SB  to  provide  engines  of  given  power  with  maximum  stability  for  least 
distance  between  the  wheels.  A  great  deal  has  been  said  in  regard  to 
the  precise  gauge  most  suitable  to  a  given  quantity  of  traffic.  It  is  evi- 
dent that  the  gauge  can  only  be  accepted  as  a  standard  measure  of  the 
capacity,  if  all  the  constructive  pijrts  bear  the  same  proportion  to  it,  in  the 
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particular  railways  compared,  for  with  any  alteration  in  the  best  form  for 
the  application  of  materials  to  constrnction,  loss  must  occur  somewhere. 

The  principles  which  determine  the  gauge  with  reference  to  the  engines, 
also  determine  the  size  of  the  yehicles  from  the  gauge.  The  durability 
they  should  have  will  be  attained  by  the  di8position  of  a  certain  weight 
of  material  in  best  form,  affording  sufficient  capacity  with  greatest  stability. 
With  greatest  durability  of  the  rolling  stock  the  smaller  the  number 
of  vehicles  and  engines  that  will  be  required,  but  there  is  a  limit  to  the 
durability  desirable  when  it  is  to  be  attained  by  a  per  contra  increase  in 
working  expense  owing  to  an  excessive  quantity  of  material  being  employ- 
ed ;  such  expense  will  make  itself  apparent  under  nearly  every  head  of  the 
revenue  account  H  (c),  and  besides  that,  there  is  a  loss  in  such  a  case,  of 
some  capital  uselessly  sunk  in  the  excess  material.  On  the  other  'hand, 
too  light  or  unstable  a  construction  for  given  loads  of  freight  leads  to 
undue  wear,  and  also  to  the  same  necessity  for  a  larger  stock  of  vehicles 
than  would  otherwise  have  been  required,  to  provide  for  the  withdrawals 
for  more  frequent  repairs  ;  the  unstability  or  lightness  also  render  it  im- 
possible to  maintain  the  same  speed  as  could  otherwise  be  adopted,  and 
consequently  with  a  given  amount  of  material  the  same  total  paying  work 
cannot  be  performed  in  a  given  time,  or,  in  other  words,  there  is  loss  of 
power,  which  is  the  same  thing  as  increased  expense.  The  limit  ofdura" 
hility  appears  to  he  when  the  repairs  equal  the  rate  of  interest  of  moneys  on 
the  cost  of  the  vehicles  or  permanent  way.  Also  since  the  durability  has 
strict  reference  to  the  loads  of  freight  and  the  velocity  of  trains,  and  the 
velocity  is  a  destructive  agent,  taking  effect  equally  through  the  freights 
and  the  vehicles  for  any  given  railway,  and  since  the  vehicles  have  ulti- 
mately to  sustain  the  total  destructive  force  of  both,  the  durability  will  be 
greatest  with  the  best  form  of  vehicle,  when  the  amount  of  material  in  it  is 
limited  to  the  amount  of  paying  freight  it  is  destined  to  carry. 

It  appears  to  the  author  that  if  these  principles  be  kept  in  view  the 
result  will  be  that  there  will  be  neither  waste  of  capital  in  trains  or  in  way 
or  works,  and  that  the  expense  of  the  whole  working  will  then  be  equally 
divided  between  the  trains  and  the  general  management  H  (c,  d),  and  these 
expenses  will  with  ordinary  skill  in  direction  be  found  to  be  at  their  mini- 
mum while  the  line  will  be  working  at  its  maximum  with  greatest  safety* 

0.  From  what  has  been  said  it  appears  that  railways  must  carry  more 
cheaply  the  broader  the  gauge,  provided  there  is  full  traffic  for  them  in 
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proportion  to  the  sqaare  of  the  gauge,  and  that  though  it  may  be  possible 
to  execute  the  same  amount  of  work  on  a  double  line  of  smaller  gauge  as 
on  a  single  one  of  larger  gauge,  yet  it  cannot  be  done  as  cheaply  per  unit. 

This  seems  to  haye  been  thoroughly  understood  by  the  great  engineers 
who  projected  our  first  railways,  and  led  to  the  adoption  of  gauges  in 
in  each  case  supposed  to  be  suited  to  the  probable  traffic.  But  general 
commercial  interests  and  considerations  of  public  convenience  have  in 
most  countries  compelled  the  subserviency  of  the  private  interests  of 
separate  undertakings  to  the  extent  of  the  acceptance  of  a  standard  gauge. 
It  is,  therefore,  no  longer  practicable  to  suit  the  gauge  to  the  traffic  in  all 
cases,  and  an  average  has  to  be  adopted.  Where  the  single  line  of  a 
standard  gauge  has  not  sufficient  traffic,  there  will  of  course  be  some  loss 
of  net  earning  for  which  the  gauge  is  not  so  much  responsible  as  the  pro- 
jectors in  overestimating  the  value  of  the  traffic,  or  making  the  line  at  all; 
The  consolation  in  such  a  case  is,  that  the  provision  of  railway  com- 
munication in  any  locality  has  peculiarly  remarkable  effects  in  causing 
traffic  to  grow,  and  it  may  only  be  a  matter  of  time  to  bring  the  line  into 
full  work ;  while,  on  the  other  hand,  it  seems  that,  if  we  cannot  suit  the 
gauge  to  an  exceedingly  flourishing  traffic,  we  can  at  least  restrict  the 
amount  of  it  to  any  one  line  of  rails  and  other  appliances,  and  by  judici- 
ous proportionate  extensions  on  capital  account  can  perhaps  improve  our 
dividends. 

The  proportions  maintainable  in*  a  railway  are  as  unique  as  the  parts 
of  an  engine,  or  a  girder  of  a  bridge.  What  would  be  said  of  an  engineer 
who  proposed  to  get  increased  power  from  a  locomotive  by  putting  addi- 
tional cylinders  to  it  without  increasing  the  size  of  the  boiler  or  any  other 
parts? 

The  best  design  for  a  railway,  like  for  other  things,  may  be  a  matter 
of  opinion,  and  is  open  to  the  test  of  practice.  The  success  or  otherwise 
will  be  proved  by  efficiency  and  sufficiency,  which  certainly  do  not  contem- 
plate the  inclusion  of  accidents  from  failure  of  design,  or  the  attempt  to 
exact  infallibility  from  human  skill  and  agency  in  the  working  to  make  up 
for  insufficient  or  ill-advised  capital  outlay. 

Efficiency  and  sufficiency  can  both  be  tested  to  a  great  extent  by  the 
%ures  which  should  be  obtainable  from  the  accounts  branch. 

Requisitions  for  increased  accommodation  should  always  be  tested  by 
them,  and  very  often  accountants  will  be  able  to  indicate  in  which  direction 
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economy  can  be  attained,  sometimes  by  additional  capital  ontlay.  It  seems 
clear  tbat  with  proper  information  as  a  gaide,  the  working  expenses  need 
never  exceed  the  interest  of  the  capital  used  in  constrnction  per  nnit  of 
work  done,  and  that  the  least  total  cost  per  nnit  will  then  be  attained  with 
the  maximum  safe  qaantity  of  traffic,  tending  independent  of  the  question 
of  rates  charged  to  the  maximum  dividend. 

P.  Modem  practice  proceeds  to  throw  all  onr  capital  into  heavy 
rails,  heavy  engines,  and  light  wagons  carrying  heavy  loads  at  the  ex- 
pense of  dnrability,  while  the  gauge  has  remained  the  same ;  it  seems  to 
be  forgotten  that  the  road,  embankments,  cuttings  and  bridges,  are  the 
most  durable  components  of  the  whole  machinery,  affording  by  far  the 
cheapest  portion  of  the  whole  power  of  the  railway,  on  that  account. 

It  is  impossible,  within  the  limits  of  a  short  paper,  to  illustrate  dif- 
fusely, but  the  truth  will  be  self-evident  in  the  case  of  a  reduction  of  a 
gradient  from  1  in  150  to  1  in  800  by  which  the  useful  effect  of  the  en- 
gines is  at  once  doubled,  and  a  great  saving  effected  in  the  working  of  a 
steep  gradient.  Here,  without  any  increase  in  the  engine  stock,  additional 
power  is  gained,  with  no  more  .expense  for  engines  or  repairs  for  thenoy 
while  the  repairs  of  engines  per  unit  of  paying  work  must  be  reduced. 
It  is  merely  a  question  of  the  amount  of  useful  work  to  be  done,  to  de« 
termine  the  amount  of  capital  it  would  pay  to  expend  in  flattening  gradi- 
ents, showing  that  both  gradients  and  engine  power  should  bear  a  pro- 
portion to  the  whole  work  to  be  done  by  the  railway. 

In  fact  it  is  only  by  a  careful  proportioning  of  all  the  parts  to  the  whole 
work,  and  one  another,  that  a  railway  can  work  best  and  cheapest; 
first,  by  ensuring  safety  and  regularity,  through  a  sufficiency  of  the  me- 
chanical contrivances,  and  secondly,  by  transferring,  the  greatest  amount 
of  the  power  to  be  gained  through  those  contrivances  as  a  whole,  from 
the  most  perishable  to  the  least  perishable  materials  composing  the  whole, 
or  from  the  permanent  way  and  rolling  stock  to  the  earthworks  and  road- 
way. Hence  every  gauge  should  have  its  respective  gradients)  curves, 
&c.,  in  due  proportion,  and  the  cost  of  every  component  of  a  railway  will 
bear  a  constant  relation  to  the  whole  cost  in  all  similar  constructions  to 
produce  the  best  effect. 

The  determination  of  these  proportions  cannot  be  entered  into  here; 
the  author  has  touched  on  the  subject  in  his  Notes  on  Railways,  and 
thinka  there  are  good  grounds  for  adopting  one-tenth  the  whole  cost  fur 
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stations,  rolling  stock,  rails,  and  sleepers  and  fastenings  in  each  case, 
making  40  per  cent,  of  the  whole  cost  over  ordinary  nndnlating  conntry 
snch  as  wonld  represent  the  average  of  the  railways  of  most  coontrieSf 
bnt  the  question  requires  a  separate  notice. 

Q.  This  paper  cannot  be  conciaded  without  a  further  reference  to  the 
cost  of  carrying  the  units  of  trafiBc.  It  is  well  known  that  hardly  a  single 
company  knows  what  it  really  costs  to  carry  a  unit  of  trafiBc  The  ma- 
nagement of  the  line  is  in  the  hands  of  departments,  without  a  '*  head 
centre  "  of  all  continually  testiug  the  efficiency  of  every  link  in  the  chain. 

Th«  traffic  department  arranges  cunningly-designed  tables  at  high  fares, 
with  occasional  cheap  excursions  at  times  when  one  would  think  that 
the  increased  numbers  in  pursuit  of  pleasure  would  be  more  profitable  to 
the  railway  at  the  ordinary  fares.  It  need  have  but  a  passing  regard 
for  the  cost  of  trains  and  possible  smashes.  The  locomotive  and  carriage 
department  is  concerned  in  maintaining  the  capital  stock  without  dictating 
to  the  management  the  number  or  size  of  the  trains  which  should  be  run 
to  keep  down  the  repairs  and  renewals.  The  engineers  havq  to  keep  the 
permanent  way  in  order  for  an  ever-increasing  number  of  trains  with  which 
the  capital  appliances  are  perhaps  not  allowed  to  keep  pace.  In  the  face 
of  the  pressure  for  high  dividends,  founded  on  a  misconception  of  the 
mode  in  which  they  can  be  best  obtained,  the  representations  of  the  engi- 
neers are  often  disregarded. 

The  directors,  it  is  needless  to  add,  arecomposedgenerally  of  persons  more 
skilled  in  the  combinations  which  go  to  make  up  the  financial  and  commer- 
cial operations  of  companies  than  those  relating  to  the  mechanical  working. 

But  there  is  a  department  which,  hitherto  having  been  kept  exceedingly 
in  the  back  ground,  has  nevertheless  within  itself  the  only  keys  to  the 
mystery  of  economical  working  as  a  whole,  and  which  in  supplying  an 
exact  measure  of  the  force  expended,  whatever  its  nature,  reduced  to  a 
uniform  standard,  that  of  money,  is  without  equal,  as  a  guide  to  practice. 

Much  as  may  be  said  of  experience  in  construction,  it,  after  all,  is  only 
an  element,  the  value  of  which  can  be  weighed  in  each  case  by  the  result 
of  the  working,  and  without  an  accurate  system  of  record  of  expenditure 
little  or  nothing  can  be  known  as  regards  economy  in  this  respect. 

The  long  neglected  department  of  accounts  and  statistics  has,  in  India, 
been  put  on  an  advanced  footing  which  has  already  led  to  improved  results. 
Not  only  should  the  accounts,  however,  be  the  medium  of  leading  to  the 
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declaration  of  a  dividend,  bnt  they  ebonld  also  contain  gnch  a  record  of 
expenses  and  work  done,  that  all  the  intermediate  steps  by  which  ihe 
dividend  is  arrived  at  may  be  recognisable  and  measurable  by  the  mecha- 
nical work  done. 

Jnst  in  the  same  way  as  the  parts  of  a  machine  are  porportioned  to 
one  another  and  the  whole  work  for  the  best  effect,  so  will  the  expenses 
of  working  and  maintaining  them  be  in  proportion  to  the  cost,  if  proper 
durability  has  been  ensured.  It  ought  to  be  in  the  power  of  the  heads  of 
departments  to  weigh  the  work  they  perform  against  the  expense  they 
incur,  and  a  correct  record  of  the  work  done  being  a  sine  gyd  non  for  all 
purposes,  steps  should  be  taken  to  ensure  its  registration. 

Hardly  a  single  English  railway  can  point  out  the  expenses  of  working 
in  detail  or  in  the  gross  of  a  ton  over  one  mile.  They  are  absolutely  in 
the  dark  as  to  the  expenses  they  are  incurring.  Notwithstanding,  how- 
ever, the  general  absence  of  effort  to  obtain  a  correct  register  of  the  ton 
mileage,  some  managers  having  a  lurking  satisfaction  in  attaining,  as 
near  as  possible,  to  some  true  standard,  adopt  various  methods  of  approxi- 
mating to  one,  sometimes  by  .the  train  mile,  and  sometimes  by  the  ton 
jnile.  They  take  the  whole  number  of  train  or  ton  miles  performed,  and 
divide  the  whole  expense  of  working  thereby,  thus  getting  out  a  train  or 
ton  mile  rate^ 

Since  it  has  been  shovm  that  the  cost  of  carrying  units  of  traffic  depends 
largely  on  the  number  offering  and  the  appliances  available,  it  is  clear 
that  such  a  deduced  rate  mnst  be  exceedingly  fallacious  as  a  guide  to  the 
best  paying  rates. 

Suppose  a  newly  started  omnibus  to  have  only  one  passenger  in  it  the 
first  day,  the  proprietor  might  just  as  reasonably  proceed  to  fix  a  rate  for 
the  next  day  for  a  single  passenger  which  would  pay  the  whole  expenses 
of  the  omnibus. 

No  more  can  be  charged  to  individuals,  with  prospect  of  success  to  the 
enterprise,  than  the  proportion  of  the  whole  accommodation  each  individual 
avails  himself  of,  and  it  is  the  business  of  the  capitalist  to  provide  no 
more  total  machinery  than  will  suffice  for  the  demand  of  the  total  number 
of  individuals  expected  to  use  it. 

K.  It  is  evident,  therefore,  that  the  cost  of  carriage  can  be  predicted 
correctly  only  with  reference  to  a  fixed  quantity  of  traffic  for  every  line 
and  only  in  one  way.    Bnt  with  accurate  registers  of  the  work  done  oyer 
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similir  sections  of  lines  in  ton  mileage,  a  test  wonld  be  kept  np  of  the 
efidenctf  ind  mfficiency  of  the  machinery,  as  well  as  the  economy  of  depart- 
mcDts,  which  wonld  lead  to  the  detection  of  caases  operating  to  increase  the 
workiDg  expenses  per  nnit,  either  through  fluctuation  of  tra£Bc,  or  wages, 
or  anything  else  to  the  detriment  of  the  diridends,  and  wonld  sometimes 
lead  to  suggestions  which  would,  perhaps,  tend  to  increase  them. 

8.  As  regards  the  proportion  the  whole  rate  should  bear  to  the 
▼orking  cost  per  unit,  we  have  seen  that  the  cost  per  unit,  including 
worimig  expense  and  interest  on  cost  of  construction,  will  be  least  when 
the  one  equals  the  other,  and  consequently,  if  only  the  ordinary  interest  of 
money  is  sought  in  the  way  of  dividend,  as  must  be  best  for  the  public 
under  a  system  of  State  railways,  we  have  only  to  double  the  working 
expense  per  unit  when  the  line  is  in  proper  full  work,  for  the  rate  to  be 
chsrged  the  public. 

We  can  see,  further,  that  to  charge  less  than  this  per  unit,  on  the  one 
hand,  will  prevent  the  full  interest  on  the  capital  being  earned  without 
an  undue  stress  on  the  line  to  make  up  by  numbers  for  too  small  a  rate 
which  stress,  in  itself,  will  be  a  cause  of  extra  working  expense  per  unit, 
while,  if  we  make  it  more  than  this,  on  the  other  hand,  we  shall  not  ex- 
tend our  inducements  in  the  way  of  low  fares  to  as  large  a  body  of  the 
popnlation  with  small  incomes  as  we  otherwise  should ;  and  as  the  number 
of  persons  with  small  incomes  increases  in  an  exceedingly  large  ratio  from 
the  richest  as  we  go  down  to  the  poorest,  there  is  every  reason  to  diminish 
Uie  fures  as  long  as  the  number  of  persons  using  the  line  is  increased  in  a 
higher  ratio,  till  we  get  full  work  for  our  railway ;  we  have  more  chance 
of  doing  this  effectually  the  lower  we  go.  The  limit,  however,  is  evident- 
ly when  the  interest  is  just  being  earned  on  every  unit  carried  at  least, 
expense,  and  this  seems  to  mean  when  interest  and  working  expenses  are 
eqaal  per  unit 

T.  Beferring  now  to  paragraph  G,  in  which  the  question  of  rates  was 
eliminated  from  the  definition  of  the  economical  capability  of  the  works,  it 
will  be  noticed  that  we  have  arrived  at  the  conclusion  that  the  least  cost 
is  being  incurred  when  working  expense  equals  the  interest  of  money. 

Now,  if  we  re-introduce  the  element  of  the  rates,  when  these  are  subject 
to  complete  and  unrestricted  competition,  there  is  no  doubt  but  that  the  net 
earnings  will  prove,  under  circumstances  most  favorable  to  economical 
working,  to  be  no  more  than  will  represent  the  interest  of  money  at  the 
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market  rate  for  good  secaritj,  and  the  rates  will  be  at  a  minimnm  but  if 
monopolies  enable  higher  rates  to  be  sustained,  the  question  of  increased 
working  cost  will  be  held  subordinate  to  the  question  of  augmented  re- 
ceipts from  increased  quantities  at  high  rates,  and  larger  dividends  may 
perhaps  be  derived  from  an  overtaxed  line,  with  a  high  working  cost  per 
unit,  resulting  from  the  employment  of  too  small  a  scale  of  mechanical 
appliances,  and  it  will  depend  on  the  relative  increment  of  receipts  and  ex* 
penses  per  unit,  how  much  the  working  expenses  may  exceed  the  market 
rate  of  interest  with  best  effect. 

£ut  though  a  large  demand  on  a  line  holding  a  practical  monopoly  may 
enable  large  gross  receipts  to  be  earned,  with  a  comparatively  small  capi- 
tal outlay,  yet  if  that  capital  is  not  sufficient  to  provide  proper  facilities 
for  doing  the  work,  the  result  will  be  almost  sure  to  be  accident,  delay,  loss 
of  time,  and  increased  expense  per  unit  of  work  done,  which  cannot  be  got 
over  anyhow.  £ut,  admitting  the  legitimacy  of  these  in  atiy  case,  there 
will  be  the  least  capital  employed  with  fewest  accidents,  largest  traffic  and 
gross  receipts  with  smallest  working  expenses  per  unit,  and  consequently 
the  largest  dividends,  when  the  traffic  is  limited  to  such  a  quantity  that 
the  expenses  are  equal,  not  to  the  current  rate  of  interest,  but  to  the  net 
earning  of  the  railway,  or  when  the  net  earnings  are  50  per  cent,  of  the 
receipts. 

U.  It  will,  however,  be  very  evident  that  the  idea  of  increasing  the 
dividends  at  the  risk  of  life  and  limb,  is  no  more  justifiable  in  the  case  of 
railways  than  it  is  in  the  case  of  ships.  The  maximum  of  safety  can 
only  be  attained  by  limiting  the  traffic  to  the  proper  capacity  of  the  line, 
a  state  of  things  carrying  with  it  also,  as  has  been  shown,  the  advantages 
of  the  least  cost  in  working. 

Railway  travelling  need  apparently  be  attended  with  little  more  risk 
than  any  other  mode  of  locomotion  with  proper  appliances,  and  it  seems 
very  clear,  that  with  fair  treatment,  railways,  which  must  from  the  very 
arteries  and  veins  of  the  country  itself,  must  always  be  the  most  enduring 
investments  procurable,  leading  to  the  fullest  rate  of  interest  obtainable 
anywhere  on  good  security. 

y.  It  will  have  been  observed  that  the  actual  quantity  of  traffic  most 
auitable  to  any  given  railway  has  not  been  stated,  but  if  what  has  been 
written  above  is  correct,  it  cannot  be  difficult  to  assign  positive  values  for 
proportional  ones. 
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Assdming  the  proportions  of  expenses  onder  paragraph  H  (c,  d,)  to  be 
the  best,  and  that  working  expenses  should  not  be  more  than  the  interest 
on  the  capital  cost,  we  get  at  once  one-fifth  of  that  expense  for  fuel,  bj 
which  the  gross  work  to  be  done  can  be  accurately  gauged.  The  quantity 
required  for  hauling  a  ton  over  one  mile  can  be  easily  ascertained  from 
the  section,  and,  with  coal  at  a  giren  price,  the  total  quantity  which  should 
be  consnnied  is  known.  Dividing  the  total  consumption  by  the  quantity 
required  for  a  ton  over  one  mile,  will  give  the  total  number  of  tons  to  be 
hauled  over  one  mile  within  the  year  with  best  effect. 

Whether  this  amount  of  work  would  prove  the  least  expensive  per 

unit  or  not,  owing  to  the  abnormal  state  of  prices  (which,  however,  all  more 

or  less  remain  somewhat  constant  in  proportion  and  fluctuate  in  actual 

▼aloe,  with  the  rise  and  fall  of  wages  and  the  interest  of  money)  can  only 

^  tested  by  accurate  regbters  being  kept  of  the  number  of  mechanical  units 

of  work  doDe.     The  most  accurate  unit  of  measure  is  undoubtedly  the  ton 

orer  one  mile,  the  whole  force  required  for  performing  which  will  be  made 

up  of  all  the  items  of  expense  appearing  in  the  working  revenue  account, 

the  details  of  which  will  all  bear  a  more  constant  proportion  to  the  whole 

expense  and  to  one  another,  reckoned  on  the  ton  milci  than  by  any  other 

standard. 

T.P.D. 
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By  Major  T.  F.  Dowden,  R.E.,  Assoc.  Inst.  C.E. 


On  the  Spans  of  Bridges. 

Generally  the  cheapest  efficient  hridge  will  he  the  one  having  at  every 
point  the  longest  efficient  span  which  can  he  made  for  a  sum  equal  to  the 
cost  of  the  pier  on  which  it  rests. 

It  is  not  always  possible  to  choose  the  span  for  a  bridge.  Circom- 
stances  may  determine  the  span  which  alone  is  practicable,  as  when  found- 
ations can  only  be  met  with  at  particular  spots,  where  certain  breadths 
of  span  are  required  for  navigation  or  other  purposes,  &c. 

Where  a  choice  of  span  can  be  made,  it  is  evident  that  the  cheapest 
efficient  one  is  the  most  desirable,  and  that  it  cannot  be  attained  without 
attention  to  the  condition  laid  down  above,  to  start  with.     It  embraces  a 
consideration  of  the  whole  of  the  circamstances  which  afifect  the  cost  of 
construction  of  any  part  of  the  bridge. 

The  cost  per  foot  of  waterway  of  the  bridge  for  the  pier,  is  as  the 
length  of  the  span  inversely  and  the  mass  of  the  pier  directly.  The 
mass  of  the  pier  must,  however,  be  increased  somewhat  for  a  larger 
span,  to  sustain  the  weight  of  the  span  and  the  load  on  it,  so  that  the 
span  cannot  be  increased  indefinitely  to  reduce  the  cost  of  the  pier  per 
foot  of  waterway. 

Also  the  cost  per  foot  of  waterway  for  the  span  alone  in  iron  bridges 
increases  in  a  ratio  in  excess  of  the  span,  rather  owing  to  the  material 
of  which  the  bridge  itself  is  made,  than  the  useful  load  it  is  to  accom- 
modate :  a  remark  that  applies  with  greater  force  to  the  larger  spans. 
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Henee  there  is  no  advantage  in  increaaing  the  size  of  the  span  be- 
jond  what  ia  required  to  redace  the  cost  per  foot  of  waterway  for  an 
efficient  pier  to  a  minimmn,  so  that  the  cost  of  both  pier  and  span  per 
foot  of  waterway  may  unitedly  also  be  a  minimnm.  The  framing  of  a 
design  in  which  the  balance  of  efficiency  shall  be  kept  between  the  pier 
tod  tiie  span  mnst,  therefore,  be  tentative  in  the  first  instance,  for  it  is 
necessary  to  assume  some  breadth  for  the  pier  which  it  is  supposed  may 
be  efficioit  for  a  given  set  of  circnmstances,  as  r^ards  the  force  of  the 
floods,  nature  of  the  fonndation,  &c.,  and  from  snch  a  pier  to  deduce  the 
longest  efficient  span  which  can  be  made  at  a  like  cost.  It  is  not  impro- 
bable that  the  breadth  of  pier  assumed  may  require  modification  when 
this  is  done.  It  may  be  considered  too  large  for  the  deduced  span,  in 
which  case  a  leduction  can  be  made,  and  from  the  reduced  pier  a  new 
tpan  may  be  deduced,  and  the  process  repeated  till  we  have  attained  a 
derign  which  is  fully  efficient,  and  which  will  at  the  same  time  afford 
the  smallest  span,  and,  consequently,  cheapest  bridge. 

It  may  perhaps  be  simplest  to  take  an  example  to  show  that  the 
diespest  bridge  will  be,  when  the  cost  per  foot  of  waterway  as  so  adjusted 
for  the  pier,  equals  the  cost  per  foot  for  the  span. 

Suppose  a  pier  designed  to  suit  a  single  line  of  railway  o?er  a  given 

river,  and  fully  efficient  to  withstand  the  forces  in  the  river,  &c.,  to  cost 

£2,000,  and  the  largest  efficient  span  which  can  be  made  for  a  similar 

ram  to  be  120  feet.    The  cost  per  foot  of  waterway  of  pier  and  span  will 

2000 
be  --—  =  £16-66  for  each,  or  £33-32  per  foot  for  both. 

If  a  less  span  is  used,  say  60  feet,  no  saving  can  be  effected  in  the  pier, 
which  is  already  supposed  to  be  at  a  minimum  to  withstand  the  forces 
in  the  river.  The  cost  per  foot  of  waterway  for  the  pier  will  be  in- 
creised  to  £33-32  a  foot.  The  cost  per  foot  of  span^  if  taken  to  vary  as 
the  span,  which  is  true  approximately  up  to  200  feet,  will  for  60  feet  be 
•^^'33  per  foot.  The  total  cost  per  foot  of  waterway  of  the  whole  bridge 
^ill  then  be-« 

Fier,    £38-32 

Bpan,    ...         ...       8*33 

£41-65  for  a  bridge  of  60  feet  span. 
Against,  ...  £33*32      „         „      120  feet      „ 
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Similarly  it  may  be  shown  that  a  bridge  of  more  than  120  feet  span 
will  cost  more  per  foot  of  waterway. 
Bappose  we  assume  200  feet  for  the  span. 

Then  the  pier  will  cost  =  £10  per  foot  of  waterway  at  leapt, 

assnming  that  no  increase  to  its  mass  is  required  for  the  increased  span, 
which  is  somewhat  improbable. 

Also  the  cost  of  the  span  will  be  as  the  span  per  foot,  or-^rr-  feet  = 

issu 

1*666  times  as  great. 

« 

The  cost  ofthe  span  will  then  be  £16-66  x  1-666=  £2775 
Add  cost  of  pier, 10*00 

Cost  per  foot  of  bridge,  total,        ...     £37*75  for  200  ft. 

Against        ...    £33*32  for  120  ft 

However  the  figures  may  be  experimented  upon,  it  will  be  seen  that 
no  other  span  than  120  feet,  which,  under  the  circumstances,  can  be 
made  for  a  cost  equal  to  the  cost  of  the  pier,  will  give  as  cheap  a  bridge. 
From  the  proposition  with  which  we  started,  it  is  now  easy  to  see  how 
it  is  impossible  to  avail  ourselves  to  the  full  extent  of  any  of  the  drcum- 
stances  which  tend  to  cheapen  the  construction  of  bridges,  without  allow- 
ing fhem  to  exercise  their  influence  through  the  adjustment  of  the  span. 
Summing  up  a  few  of  the  leading  points  for  the  sake  of  brevity,  it  is 
evident  from  that  proposition,  that  the  following  tend  to  economy  in  the 
bridge  by  shortening  the  span : — 

(I).    Oood  foundations,  necessitating  less  expense  for  efiSeient  piers. 
(2).    Small. height  of  the  piers  reducing  the  quantity  of  masonry 

or  material  in  the  piers. 
(3).    Cheapness  of  the  material  of  which  the  piers  are  composed. 
(4).    Greater  strength  of  the  material  in  the  piers,  reducing  the 

quantity  required. 
(5).    Cheapness  of  labour  in  constructing  the  pier. 
(6).    Any  modification  of  design  which  gives  the  same  efficiency 
with  a  less  quantity  of  material  in  the  piers. 
Because  any  of  these  reduce  the  sum  for  which  an  efficient  pier  can  be 
made. 
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The  followiDg  tend  to  economy  in  the  bridge  by  lengthening  the 
^Mu:— - 

(1).    Excellence  and  strength  of  material  in  the  span,  rendering  the 
onit  stnuns  per  sqaare  inch  higher,  and  spreading  a  gi?en 
amonnt  of  material  o?er  a  wider  span. 
(2).    Cheapness  of  the  material  in  the  span,  enabling  a  larger  quan- 
tity to  be  used  for  a  given  expenditure  in  providing  a  laiger 
span. 
(3).    Cheapness  of  erection  or  labour  in  elevating  the  span. 
{i}.    Any  modification  of  the  design  of  the  span  by  which  an  in- 
creased e£Bcient  span  can  be  got  out  of  a  given  quantity  of 
material* 
BecMifle  any  of  them  tend  to  an  efiBcient  span  of  greater  length  for  a  given 
sum  of  money. 

The  work  which  a  bridge  has  to  do  is  referable  primarily  to  the  useful 
loads  it  has  to  carry,  and  the  inertia  it  has  to  oppose  to  the  stream  it  is 
coBstrocted  to  cross.    The  cost  of  a  bridge  per  unit  of  useful  load  in- 
creases as  the  span.    It  does  not,  however,  necessarily  increase  in  cost 
per  anit  of  discharge  in  different  rivers.    Larger  spans  are  not  only  more 
suited  to  larger  rivers  generally,  as  regards  efficiency,  but  they  are  also 
necessitated  on  the  score  of  economy,  through  the  influence  exercised, 
other  by  the  height  or  depth  of  the  foundations,  on  the  cost  of  the  piers. 
As  regards  the  efficiency  of  a  design,  it  appears,  that  for  deep  rivers  the 
pieri  should  consist  of  a  single  member,  and  not  of  an  assemblage  of 
parts.    The  vibration  which  takes  place  even  in  piers  consisting  only  of 
two  laige  and  lofty  cylindrical  members,  renders  the  reduction  of  the  speed 
of  trains  a  serious  element  in  the  calculation  of  the  relative  efficiency  of 
Tarioos  forms  of  piers. 

If  double  line  bridges  are  to  be  resorted  to  only  when  the  limits  of 
tuigle  line  bridges  are  reached,  it  is  evident  that  the  limit  will  be  much 
Moner  reached  with  a  slow,  than  with  a  quick  speed  of  trains,  for  no  two 
truDs  can  occupy  the  line  dear  lengths  at  the  same  time,  and  the  reduc- 
tioD  of  speed  over  bridges  is  so  much  reduction  of  power  of  the  single 
line. 

The  usual  form  given  to  masonry  piers  has  undoubtedly  a  superior 
strength  over  all  others,  combining  greatest  solidity  with  greatest  rigidity 
and  stability  to  resist  the  action  of  the  forces  in  the  river,  and  the  vibra- 
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tion  caused  by  heavy  rolling  loads  on  the  bridge.  Besides  this,  the 
form  admits  of  the  greatest  area  of  base  for  greatest  resistance  to  the 
flood.  It  does  away  with  the  necessity  for  external  connections  in  iron 
stmctares,  which  are  a  source  of  weakness  and  expense  in  maintenance. 
Obstacles  snch  as  trees  are  not  liable  to  be  arrested  by  cross  cnrrente 
and  eddies  between  the  members,  as  in  the  case  of  detached  piles. 

In  the  matter  of  the  saperstmctare,  it  is  evident  that  the  character  of 
the  design  most  depend  on  the  span  to  be  used. 

Where  the  riven  are  large  and  the  traffic  is  small,  the  total  work  in 
building  the  bridge  will  be  more  due  to  the  size  of  the  river  than  the 
quantity  of  traffic.  The  cost  of  efficient  piers  to  suit  both,  as  it  has 
been  shown,  will  indicate  the  span  to  be  used. 

In  similar  piers  for  similar  circumstances,  the  cost  would  vary  as  the 
cube  of  similar  dimensions,  and  the  cost  of  spans  up  to  200  feet  is  as  the 
square  of  the  span.  The  cost  of  piers  would  therefore  be  as  the  cube  of 
their  height,  and  as  the  cost  of  the  efficient  span  to  suit,  should  be  the  same 
as  that  of  the  pier  on  which  it  rests,  the  cost  of  the  span  should  be  as  the 
cube  root  of  the  height  Then  since  the  spans  are  as  the  square  roots  of 
the  cost,  the  spans  should  be  as  the  square  root  of  the  cube  of  the 
heights  of  the  piers  from  foundation  to  girder  bed.  This  will  give  an 
approximate  span  for  any  river. 

Thus  if  a  200  feet  span  costs  £10,000,  with  pier  complete,  for  a 
height  of  85  feet  from  foundation  to  girder  bed,  a  height  of  60  feet 
would  give— 


200xyg=200y5i3  = 


200  V'S^S  =:  200  X  "595  =  119*0  feet  for  the  span. 
The  cost  would  also  be  as  A*,  or  £10,000  x  *853  ==  £8,530,  and  the 

£8fiS0  A' 

cost  per  foot  of  waterway,  -^^  ^    =  £29*7  a  foot,  which  is  as  -^p  or 

The  piers  would  not  perhaps  be  quite  similar  for  a  constant  breadth  of 
roadway  over  the  bridge ;  but  it  is  evident  that  the  circumstances  neces- 
sitating a  certain  length  of  pier  to  resist  the  floods  and  area  of  base  to 
support  the  weights,  will  often  afford  space  for  a  double  line  at  no  increase 
of  cost  in  large  rivers,  and  to  that  extent  there  is  economy  in  double  over 
single  lines  in  bridges  over  large  rivers. 


i 
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If  the  bll  be  assnmed  as  constant,  the  Telocity  of  the  current  varies 
as  the  square  root  of  the  hydraulic  mean  depth. 

The  discharge  at  any  point  of  a  river  is  as  the  depth  mnltiplied  by  the 
Telodty.  For  any  given  point  the  depth  is  the  same  as  the  hydraulic 
mem  depth.  If  h  represent  this  depth,  the  discharge  at  any  point  is 
thereloie  as  h  ^/L 

This  same  expression,  however,  represents  the  cost  per  foot  of  bridges 
for  given  total  heights  k;  for  V^'  =  ^  V^*  ^  similar  circumstances, 
ther^ore,  where  the  water  level  is  at  a  given  proportionate  part  of  the 
per  in  height,  the  ratio  of  the  cost  of  various  spans  (up  to  200  feet)  is 
as  the  dischaige  of  the  river  per  foot  of  waterway. 

The  waterway  is  obstructed  by  piers  in  proportion  to  their  breadth  b 
(which  dimension,  however,  varies  only  as  the  cube  root  of  the  masses  in 
dmilar  constructions),  while  the  span  should  vary,  as  has  been  shown,  as 
the  square  root  of  the  cube  of  any  similar  dimension,  and  consequently  as 
V^*   The  obstruction  from  piers  per  foot  of  waterway  will  then  be  as 

-^or  as  — ^  which  is  inversely  as  the  square  root  of  the  breadth,  and 

ooDsequently  the  total  obstruction  is  less  in  larger  bridges  from  the  piers, 
altliotigh  the  piers  are  individually  larger.  If  the  piers  in  two  different 
eptas  were  as  4  to  9  in  breadth,  the  obstruction  would  be  as  — ^j  to 


^/4  ^  ^d 

OTM^toJ. 

From  this  it  seems  that  the  larger  spans  used  for  larger  rivers  are  more 
ndtaUe  and  efficient,  for  while  they  can  certainly,  up  to  200  feet  be  made 
^  a  cost  proportionate  to  the  discharge  of  the  river,  the  area  of  dischaige 
is  less  contracted  the  larger  the  span  is  made. 

The  Bombay,  £aboda,  and  CaNTBAL  India  JRailwat  Bbidobs. 

If  all  that  has  been  written  above  is  correct,  the  fallacy  of  attempting 
^  Apply  the  same  span  to  rivers  of  different  sizes  will  have  been  appa- 
'^^  It  is  believed  that  the  primary  object  aimed  at  in  providing  a 
^onn  description  of  material  for  the  bridges  on  the  Bombay,  Baroda, 
^  Central  India  Bulway,  was  to  prevent  the  confusion  which  might 
^▼e  arisen  in  sending  out  and  erecting  the  ironwork.  The  advantage 
of  this  was  undoubted  in  the  direction  of  simplifying  the  stores  operations, 
^  Qnfortanately  the  primary  importance  of  the  suitability  to  the  pur- 
P^^  for  which  the  material  was  to  be  used  in  all  cases  was  not  to  be 
^^osed  of  in  such  a  general  way. 
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The  formation  of  the  ground  oyer  which  most  of  the  Bombay,  Baroda, 
and  Central  India  Railway  is  constmctedy  is  that  which  results  from  the 
decomposition  of  the  material  of  which  the  western  ranges  of  mountains 
of  the  Indian  Peninsula  are  composed,  and  of  the  delta  formation  which 
has  been  deposited  in  its  place  by  the  action  of  the  numerous  riyers  and 
streamlets  coming  from  the  interior.  It  is  hardly  possible  to  point 
to  any  spot,  except  where  the  original  formation  of  trap  is  met  with 
in  a  few  plaoeSi  which  is  not  still  liable  to  flood  from  the  hills.  It  is  true 
these  floods  occur  only  once  in  many  years  in  some  localities,  yet  when 
the  nature  of  the  formation  is  considered,  it  is  impossible  to  concede  that 
the  action  which  produced  it  has  ceased  in  any  part  permanently;  for  it 
is  only  a  matter  of  time  for  the  accumulation  of  soil  to  assume  such  pro- 
portions in  any  district  at  the  present  time  liable  to  flood,  for  the  waters 
to  be  in  consequence  diverted  into  others  at  a  lower  leyel. 

This  circumstance  leayes  it  difficult  to  decide  the  probable  highest 
flood  line,  but  it  is  very  certain  that  it  may  often  be  assumed  at  consid- 
erably above  any  indication  of  defined  banks.  Former  generations  have 
doubtless  placed  their  towns  on  the  spots,  least  liable  to  inundation,  yet 
we  now  often  hear  of  these  towns  being  almost  washed  away.  Ahmedabad 
and  Snrat,  the  two  largest  towns  on  the  line  of  railway,  have  been 
inundated  more  than  once  in  the  writer's  memory.  If  the  height  of  the 
floods  is  difficult  to  determine,  how  much  more  must  be  the  nature  of  the 
soil  for  foundations.  Countless  ages  have  elapsed  while  the  formation, 
as  described  has  been  going  on.  Doubtless,  it  may  be  predicted  with 
some  certainty,  that  coarser  material  will  be  met  with  nearer  the  moun- 
tains and  the  deeper  we  excavate  in  any  locality. 

This  is  borne  out  by  practice,  but  any  endeavour  to  reach  the  original 
formation  is  in  most  cases  useless.  Sometimes  conglomerate  may  be  met 
with  of  extremely  recent  character,  and  of  no  great  thickness ;  but  it  has 
often  served,  like  detached  beds  of  clay,  no  other  purpose  but  to  impede  the 
operation  of  screwing  down  the  pile&for  the  piers,  without  being  sub- 
stantial or  extensive  enough  to  form  a  safe  foundation.  But  if  the  nature 
of  the  geological  formation,  which  leads  us  to  expect  to  meet  with  litUe 
solidity  at  a  practicable  depth,  leads  to  doubts  and  uncertainties  on  the 
one  hand,  it  also  leads  us  to  assume  this  amount  of  certainty  on  the  other, 
viz.,  that  the  action  of  all  the  river  beds,  taken  together,  must  be  one 
causing  them  generally  to  silt  up  rather  than  to  scour,  and  if  we  can 
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attain  a  depth  of  fonndaiion  which  is  likely  to  be  safe  from  any  local 
changes  and  make  proper  provision  for  the  highest  possible  floods,  we 
may  expect  permanency,  for  many  scores  of  years,  in  the  strnctnres  to  be 
erected  on  it. 

The  foundations  of  the  pile  bridges  on  the  Bombay,  Baroda,  and 
Central  India  Railway  are  mostly  in  the  river  silt  The  piers  are  screwed 
down  to  a  depth  deemed  sufficient  according  to  the  degree  of  power 
required  in  screwing,  and  the  general  appearance  of  the  section  of  the 
river.  It  is  evident  that  the  only  hold  the  piles*  have,  is  by  Motion 
against  the  surrounding  soil,  and  a  certain  direct  bearing  on  the  screw  to 
sustain  the  weigh  of  the  bridge,  or  the  loads  on  it ;  and  to  prevent  being 
pulled  out,  there  is  the  screw  acting  like  a  mooring. 

Now  Figs.  A,  B,  Plate  V.,  give  a  general  idea  of  the  design  which, 
for  a  60  feet  span,  would  perhaps  be  found  best  to  suit  a  flood  of  85  feet 
in  depth,  and  making  the  cost  of  the  superstructure  equal  to  the  cost  of  the 
spans. 

Supposing  this  the  case,  compare  it  with  Figs.  0,  D,  where  the  height 
of  depth  of  the  river  is  86  feet  or  more* 

In  the  latter  figures  we  have,  perhaps,  all  that  is  required  in  the  mat- 
ter of  supporting  the  rolling  load,  but  the  load  on  the  foundations  of  an 
immense  height  of  pier  renders  it  necessary  to  provide  increased  thickness 
and  weight  in  all  the  material,  which  could  not  be  required  if  bridges 
only  of  the  size  shown  in  Figs.  A  and  B  were  to  be  built.  Besides 
that,  there  is  a  pressure  of  flowing  water  against  the  piers,  Fig.  B, 
which  at  the  same  velocity  would  be  as  86  to  35,  while  the  leverage  against 
the  surface  of  the  river  bed  would  be  also  in  the  same  proportion,  making 
the  effort  of  the  piers  to  overturn  as  the  square  of  those  numbers,  t.  e.,  as  74 
to  13.  If  the  braces  acted  so  as  to  make  the  two  piles  like  a  single 
girder,  since  the  breadth  is  the  same  in  both  cases,  the  leverage  would  be 
as  above  74  to  13.  The  bracing,  however,  does  not  act  so  as  to  consoli- 
date the  two  piles  into  one  rigid  member,  but  affords  a  peculiar  facility 
to  brushwood  to  collect  in  it.  The  piles,  without  a  rigid  connection, 
vibrate  in  proportion  to  their  length  very  considerably,  and  in  the  absence 
of  mutual  support,  depend  wholly  for  maintaining  their  position  on  the 
tenacity  of  the  bolts  or  other  appliances  for  connecting  the  joints  of  the 
piers.    The  vibration  is  counteracted  to  some  extent  by  the  weights  of 

•  3  feet  6  inches  eztemal  diameter. 
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the  girders  and  saperstractnre  where  ihey  rest  on  the  piles  direct,  bnt  it 
is  impossible  in  a  pier  composed  of  a  great  number  of  members  to  prevent 
vibration  of  the  parts  inter  se.  This  vibration  is  communicated  to  the 
soil  of  the  foundations.  It  is  in  extent  evidently  as  the  square  of  the 
height  of  the  pier  or  the  flood.  We  all  know  how  we  should  proceed  to 
pull  a  stake  out  of  the  ground.  We  should  wriggle  it  about  and  enlarge 
the  size  of  the  hole  most  at  the  surface  of  the  ground,  diminishing  towards 
the  lowest  end  of  the  stick  till  we  could  lift  it  out  perhaps  with  the  little 
finger.  We  know,  too,  that  we  should  have  much  less  difficulty  the 
longer  the  length  of  the  stake  out  of  ground  and  the  less  the  length  in 
the  ground.  The  vibration  has  a  similar  effect ;  it  loosens  the  soil  and 
the  rushing  water  carries  it  away  perhaps.  Anyhow,  it  seems  that  for 
the  piers  to  have  equal  stiffness  in  the  soil,  they  should  be  sunk  to  a  depth 
corresponding  with  the  height  above  ground,  and  to  exercise  a  proportion- 
ate resistance  to  the  effort  of  the  river  should  have  a  diameter  in  propor- 
tion. But  as  the  size  of  the  cylinders  in  this  uniform  material  is  all 
the  same,  this  could  not  be  done,  and  the  case  has  been  met  by  putting 
in  more  piles  and  connecting  them  as  rigidly  as  possible  with  the 
others.  It  was  found  that  in  comparatively  small  bridges  this  extra 
pier  was  required ;  but  it  was  accompanied  with  the  obrious  disadvanti^ 
of  increased  total  vibration.  To  remedy  this,  various  systems  of  tiee 
were  applied  to  steady  the  extra  member  in  the  pier,  but  without  success, 
and  it  was  then  thought  desirable  to  erect  the  additional  girders,  though 
the  traffic  required  only  one  roadway,  to  give  steadiness  to  the  additional 
pile  {Fig.  E).  The  element  of  steadiness  gained  from  the  spans  had  then 
been  doubled  over  that  in  Fig.  B,  whOe  the  element  of  unsteadiness  and 
vibration  from  the  piers  had  been  only  increased  50  per  cent.  Some 
improvement,  therefore,  was  gained  on  the  whole,  at  a  sacrifice  of  ma- 
terial not  required  for  traffic  purposes.  But  even  then  it  was  found  that 
in  high  bridges  the  strength  was  not  sufficient,  and,  mistaking  the  piers 
for  single  rigid  bodies  instead  of  an  assemblage  of  vibrating  parts,  attempts 
were  made  to  strut  the  piers  as  in  Fig.  F.  It  was  then  found  that  these 
piles  added  very  largely  to  the  vibration ;  they  could  also  not  so  easily  be 
screwed  down,  and  if  not  put  as  deep  as  the  main  piles,  they  introduced 
elements  of  risk  from  washing  out. 

The  last  improvement  was  to  erect  the  fourth  and  fifth  piles  veitically 
(^t^.  H),  thus  still  further  largely  increasing  the  area  of  the  pier  and 
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braces  exposed  to  the  accnmulation  of  brashwood  and  the  force  of  the 
water,  and  also  increasing  the  total  vibration.  Finally,  two  cross-girders, 
a  bj  were  introduced  nnder  the  60  feet  spans,  which  being  rigidly  attached 
to  the  piers  have  had  some  effect  in  counteracting  some  of  the  vibration.* 

These  cross-girders  have  also  been  used  with  a  view  of  guarding 
against  settlement  in  any  of  the  piers  where  the  foundations  are  not 
considered  very  good.  These  cases  are  most  frequent  in  the  Nerbudda, 
Bessein,  and  Vitumee  river  bridges.  It  will  be  found,  it  is  believed,  on 
reference  to  the  construction  diagrams  of  those  bridges,  that  the  depth 
of  the  piers  in  the  ground  is  not  in  all  cases  proportioned  to  the  height 
of  them  above  ground.  They  have  not,  therefore,  the  same  degree  of 
stability  to  resist  overturning.  But  it  will  be  noticed  that  since  the 
appliances  for  connecting  the  joints  of  the  piers  are  limited  to  a  uniform 
system,  there  is  danger  of  failure  at  the  joints  just  above  ground  with  too 
great  a  height  of  pier,  irrespective  of  the  question  of  leverage  in  the  soil. 
This  failure  has  occurred  more  than  once. '  The  danger  to  these  bridges, 
with  a  side  set  of  the  current,  is  very  great ;  it  is  not  decreased  by  the 
vast  area  of  piles  and  bracing,  or  by  the  fact  that  the  light  girders  of  the 
superstructure  are,  as  usual,  merely  laid  on,  without  being  rigidly  fixed 
to  the  piers,  to  allow  for  expansion  and  contraction.  The  failures  which 
have  occurred  to  the  large  bridges  on  the  Bombay,  Baroda,  and  Central 
India  Railway,  have  very  greatly  increased  the  working  expenses,  and 
there  is  no  knowing  where  this  state  of  things  is  to  stop.  In  addition  to 
this  it  ifi  necessary  to  maintain  these  structures.  The  chief  part  of  the 
expense  of  maintenance  consists  in  employing  divers  constantly  to  inspect 
and  renew  the  bolts,  bracings,  and  fastenings  below  water. 

Owing  to  some  galvanic  or  chemical  action  which  takes  place  between 
the  cast-iron  of  the  piles  and  the  wrought-iron  of  the  bolts,  nuts,  and  the 
braces,  these  connections  do  not  ordinarily  last  longer  than  about  three 
years.  They  dissolve  away,  laminate,  and  change  their  nature,  lose  their 
high  specific  gravity,  and  become  more  like  plumbago  than  anything  else. 
The  expense  of  maintenance,  therefore,  has  increased  in  exact  proportion 
to  the  amount  of  pile  work. 

It  is  not  known  what  the  average  height  of  the  piers  in  the  largest 

*  The  author,  some  yean  ago,  paned  over  the  Nerbndda  Bridge  on  foot  a  few  hours  before  sereral 
■pans  vere  washed  away.  The  vibration  then  going  on  was  3aiBcient  to  induce  a  considerable 
aooelemtion  of  pace  in  all  present. 
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riyers,  including  the  fonndations,  is,  bat  it  is  probably  not  less  than  shown 
in  Fig,  H.  In  1871  the  cost  of  the  whole  of  the  bridges'had  been  abont 
a  million  sterling,  while  the  whole  constractioii  capital  of  the  line  was  then 
only  about  six  millions  for  about  310  miles.  8ince  then,  large  additions 
have  been  made  to  the  bridges,  and  some  reconstructions  hayabeen  carried 
out.  The  Nerbudda  bridge  alone  is  some  8,600  feet  long,  and  it  is  pro- 
bable that  the  long  bridges,  if  all  put  together,  would  reach  oyer  three  miles. 

It  may  be  as  well  now  to  give  a  comparative  estimate  of,  say,  the  exist- 
ing and  a  proposed  bridge  for  the  Nerbudda  River. 

Nerbudda  Bridge, 

List  of  the  piers  of  the  Nerbudda  bridge,  taken  from  page  258,  Vol. 
27,  of  the  Proceedings  of  Institute  of  Giyil  Engineers. 

No.  of  piles  aboye  the  screw  piece  which  appears  as  if  in  a  clay  stratum. 


No.  of 

No.01 

! 

No.  of     No.  of 

No.  of 

No.  of 

Pier. 

FUes.           1 

Pier.       Piles. 

Pier. 

Piles. 

South  end    1 

5  1 

^ 

27 

7 

58 

8 

2 

6 

^ 

28 

7 

54 

8 

3 

5 

29 

7 

55 

8 

4 

5 

80 

7 

56 

8 

5 

5 

1 

81 

7 

57 

8 

6 

6 

t3 
9, 

82 

74 

58 

8 

7 

5i 

2^ 

74 

59 

8 

8 

HVl 

84 

71 

60 

8 

9 

H 

■§ 

85 

71 

61 

8 

10 

5i 

fl 

86 

74 

62 

7t 

11 

6 

00 

87 

74 

68 

74 

12 

6 

09 

88 

74 

64 

74 

la 

6§ 

00 

1 

89 

74 

65 

7 

14 

64 

40 

74 

66 

6 

15 

6iJ 

^ 

41 

8 

67 

51 

16 

7 

42 

8 

68 

54 

17 

7i 

43 

84 

69 

64 

18 

n 

44 

84 

70 

5 

19 

7* 

45 

84 

71 

5 

20 

7f 

46 

81 

72 

5 

21 

74 

47 

8i 

73 

5 

22 

7* 

48 

9 

74 

5 

23 

7* 

49 

9 

75 

8  Broach  end 

24 

74 

50 

94 

(North). 

25 

7 

51 

8 

26 

7 

52 

8 

No.  of 

No.  of 

Totol  No. 

No.  of 

No.  of 

Total  No. 

Plen. 

Piles. 

of  Piles. 

Piers. 

Piles. 

of  Piles. 

1 

3 

3 

4 

7| 

31 

5 

5 

25 

18 

8 

104 

1 

H 

51 

2 

84 

164 

1 

64 

54 

1 

84 

84 

1 

51 

6* 

2 

8f 

174 

1 

6 

6 

2 

9 

18 

9 

7 

68 

1 

n 

94 

1 

n 

n 

•~ 

15 

7* 

1124 

6 

0 

Total  438 
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438 

ATenge  =  —  =  7-8  piles  =  65-7  feet  =  height  of  piers  abore  the 

screw  piece. 


Probable  cost  of  the  Nerbudda  Bridge,  60  febt  span. 

Wairen  girders,  wrooght-iron,  at  18|  tons  per  span, 87  tons. 

Cro6sgirden,8aj,  10  tons  per  span,        20    „ 

Add  transTerse  stiffeniog  girders,  say, 6    „ 

Total,  ...        63    „ 
5  Bows  (rf  piles— 

50  feet  abore  giouiid,  1}  inch  thick. 
30  feet  below, 

80  &et,  inclnding  screw. 

Total  weight — 
5  X 2666  yards  X  106  square  inches  X  1  ft.  go-  - 

224  lbs.                              ^ 
Add  ribs,  bosses,  joint  flanges,  8cc ,  |,      1 2'34  „ 

76-04 

i.  Bracings,  5  piles  in  height — 

Horisontal,  10  X  1^  feet  =  140  feet. 
Slant,  10  X  16  feet  =  160 

300  X  20  lbs.  =  2-68  tons 

4      spaces  =  10*72  tons. 

Bolts  and  nuts — 

Pile  8  joints  X  5  piles  X  12  bolts  =  480,  at  2^  lbs.,  ...    1,200  lbs. 

Brace  bolts— 

HorizoDtal,     20  X  5  X  100,  at  3  tbs., 300  lbs. 

Slant,  20  X  6  X  100,  at  8    , 300  „ 

iliddlcof  do.  20  X  6  X    26,  at  2    , 60  „ 

1,860  ,,  =  -826  tons. 
Summary. 

63  tons  girders,  at  £24, 1,612 

75   „    cast-iron  piles,  at  £12  (inclnding  driving), 900 

J072    „    wrought  bracing,  at  £14,         160 

'825    „    bolts,  &c.,  at  £28,         23 

1,600  cubic  feet  concrete,  at  £1  per  hundred,     IG 


Contingencies,  ^^ 


••■ 


Total, 

•. >        ... 

... 
... 

*  •  t 

2,606 
260 

Cost  per  foot. 

60J2,866 
47-77 
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Proposed  new  Design. 

Estimate  of  the  cost  of  a  Pier. 
(See  Plate  VL) 
Excavation  in  mud  and  water — 
For  f  oimdatioiis  by  sinking  of  the  caissons. 

^3  P&rts,  ... 


••• 


No.     Length  Bdth.     DUun. 
1  30       19  30 


Q  parts, 


Ironworks  cast — 

Foandation  conrsey 
Ck)ar8es  18,  19,  20, ... 

Conrse  17 

Gonzses  11—16, 

Conrse  10,     

Conrses   2—9, 
Conrse  1, 


2 


283-5 
2 


80 


Total  cab.  ft. 
17,100 

8,505 


25,605 


#•1 


••• 


•*• 


••• 


•  •• 

... 

No. 

1 

Weight. 
9-6 

Total. 
9-50 

#•• 

•  •• 

3 

17-79 

58-37 

••• 

.«• 

1 

17-29 

J  7-29 

••. 

... 

6 

14-72 

88-32 

... 

•  •• 

1 

14-35 

14-35 

•  •• 

... 

8 

11-91 

95*28 

••• 

... 

1 

9-50 

9-50 

Total, 


...        ... 


287-61 
57-52 


Add  stiffenings,  feathers,  &&,  i,  ' ... 

Grand  Total,...         34513  tons. 


Iron  holts  and  nutS'^ 

Vertical      i^^^^>       -  20x'36 

verucai,     -^Nnts,  hexagon,  40X36 

TT««-«.«f-i  i  Bolts,       ...  21  X  36 

^^'^^^^'iNnts.  hexagon,  42X36 


Lgth.  Dlain.  Wt.  each  Iba. 

6*       r     1-31   lbs.  943 

6*       1*    1-10    „  1,584 

6*       1'    1-31    „  990 

6*       1"    1-10    „  1,663 


5,180  lbs.  s:  2-81  tons. 


B^  iron  iies'^ 
AboTe  ground. 

Conrses  11,  12,  13, 
Conrse  10, 
Courses  1 — 9, 


Add  for  contingencies,  ^    ••• 


No. 

Length. 

Diam. 

Bg.  ft. 

6X8 

17 

r 

306 

7X  1 

16 

r 

96 

6X9 

15 

!• 

810 

1,212 
121 


Total,        ...       1,333  at  2*62  lbs.  ss  1-56  ton. 
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FUUng  in  the  pier  with  concrete — 

Same  aa  excavatioii  in  soil  and  water, 25,605  cubic  feet 

Brick  masonry  above  ground^ 

Ho.       Length.     Breadth.  Height.       Cable  ft. 

Coone  11, 12, 13,       Middle,      ••    1           80           17  12          6,120 

O  Ends,  ..2                  226  12           2,712 

2 

„     10,           ..     Middle,      ..1            30           16  4           1,920 


O  Ends,  ..2                  201  4  804 

2 

„     2  to  9,       ..     Middle,      ..1           80           15  82  14,400 

Q  Ends,  ..     2                 1767  82  5,674 

2 

„     1,             ..     Middle,       ..1           80           15  4  1,800 

Conical  Ends,  '  1               176*7  |  284 


88,644 
Deduct  wells,  7  feet  diam.,        •.    8  38*48  52  6,002 


Ahetract  of  cost — 


Total  cable  feet,         ••         27,642 


£ 


Excavation  and  sinking  of  piers  in  mnd 

and  water,        . .         ^m        •  •      25,605  c.  ft,  at  £1  per  100  c.  ft,  256 

Cast-iion  work  (inclading  erection),  845  tons,  at  £10-28  per  ton,     •  •  4,140 

Iron  bolts  and  nnts,       . .         • .      2-31  tons,  at  £28  per  ton,         •  •  65 

Bar  iron, 1*56  tons,  at  £14  per  ton,         ••  22 

Filling  concrete,  cement,  or  hydranlic 

lime  mortar, 25,605  c.  ft  at  £1  per  100  c  ft,  256 

Brickwork  in  h jdranlic  lime  mortar,  27,642  c  ft,  at  £2*5    „      ,.  • .  650 


4,829 
Contingencies,  5  per  cent,       . .        •  •     241 


Cost  of  pier.    Grand  Total,    ..        ..5,070 


la  designing  the  pier  for  the  bridge  with  an  expensiye  material  like 
iron  for  a  casing,  we  require  greatest  solidity  with  least  perimeter. 

The  solidity  and  area  of  fomidation  of  the  pier  will  be  increased  in  a 
l^ger  proportion  than  the  increase  in  length  of  the  perimeter  as  long  aa 
tbe  breadth  does  not  exceed  what  will  give  an  eqaal  length  for  the  circular 
^dfi  as  for  the  sides  of  the  piers.    The  actual  length  of  the  pier  at  top 
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is  determined  by  the  breadth  of  the  roadway,  and  is  so  adjasted  that  the 
main  girders  may  rest  centrally  on  the  two  halves  of  the  piers.  This 
places  the  load  of  the  spans  centrally  on  the  area  by  which  they  are  sup- 
ported, and  practically  results  in  the  average  length  of  the  piers  being 
about  double  the  breadth  of  roadway.  This  form  of  pier  is  stronger  than 
would  result  from  the  employment  of  two  detached  cylinders  of  an  average 
diameter  of  17  feet  and  If  inch  thickness,  which  would  absorb  about 
306  tons  of  cast-iron.  For  deep  rivers,  where  the  floods  have  great  force, 
the  superiority  of  this  stronger  form  is  well  worth  39  tons  of  additional 
cast-iron.  By  combining  the  length,  breadth,  and  perimeter  in  the  above 
way,  with  two  offsets  for  plinth  and  foundation,  the  result  is  a  superficial 
area  of  foundation  of  853  square  feet. 
The  weight  on  it  is — 

/^>r#— Iron,        •.         ..       348*87  tons. 

Concrete, .  •         • .     1,893*00     „  25,605  cnb.  ft.,  at  120  Ihs.  per  ft 

Brickwork,  ..     1,23400     „  27,642        „       „  100       „ 


Total  Pier,    2,975*87 


Spans^lion,  ••  211 

Rolling  load,     ••  228 

Permanent  way,  &c.,        83 


Total  span, ..         622 

Total  piers  and  span,         . .        3497*87  tons. 


Pressure  per  square  foot  of  foundation  about  4*05  tons. 

The  pressure  usually  allowed,  is  understood  to  be  from  4  to  8  tons,  and 
the  surface  friction  from  300  lbs.  to  \  ton.  The  latter  would  amount  to  a 
considerable  relief  of  the  pressure  on  the  bottom  area.  Some  idea  of  it 
may  be  formed  by  estimating  the  weight  of  the  foundation  below  the  river 
bed,  in  comparison  with  the  weight  of  an  equal  bulk  of  the  material  of 
which  the  river  bed  is  composed.  It  is  not  improbable  that  the  difference 
would  at  least  take  off  1 ,048  tons  from  the  downward  pressure,  allowing 
the  specific  gravity  of  the  pier  and  river  bed  to  be  as  3  to  2.  This,  on  a 
vertical  surface  of  3,495  square  feet,  would  give  *286  tons  per  square  foot, 
and  take  off  1*23  tons  per  square  foot  from  the  bottom  pressure. 
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The  caissons  to  be  sunk  in  the  usnal  manner  by  dredging  out  the 
BJlt  from  the  interior.  Should  nnforseen  difficnlties  arise  in  the  progress 
of  this  operation,  recourse  to  be  had  to  working  in  a  plenum. 

The  piers  to  be  built  up  to  the  level  of  the  ground  or  high -water  mark, 
according  as  the  bed  is  dry  or  wet. 

The  spans  then  to  be  built  in  their  places  in  the  former  case,  and  on 
pontoons  in  the  latter,  and  floated  into  position. 

The  span  to  be  lifted  from  the  piers  themselves  as  the  construction  of 
^e  piers  proceeds,  by  hydraulic  rams  or  screw  jacks,  till  the  full  height 
15  reached. 

Spans. 

To  determine  the  span  from  the  pier  we  have — 
^6  cost  of  wrooght>iron  in  girders,  &c.,  at  £18    0    0a  ton. 
Freight  to  India,  ..  ..  ..      2    0    0 

Carnage  and  erection,  ..  ..      4    0    0 


»9 


Total,       £24    0    0 


The  cost  of  the  pier  is  to  be  £5,070,  and  this  divided  by  £24  will 
giTe  211  tons  of  iron  for  the  weight  of  the  superstructure  supporting  the 
roadway. 

This  brings  us  now  to  the  important  question,  to  find  the  longest 
efficient  span  that  can  be  erected  for  this  weight  of  iron. 

The  snbject  of  iron  girders  for  bridges  has  been  very  carefully  treated 
^J  Mr.  Bindon  B.  Btoney,  in  a  book  of  614  pages  in  length,  which, 
^  well  repay  a  careful  perusal.*  It  is  clear  that  when  so  much  has  to 
^  said  to  convey  a  notion  of  the  theoretical  and  practical  details  of  iron 
^fders,  it  would  be  out  of  place  here  to  do  more  than  touch  on  a  few  of 
^he  points  which  appear  most  to  bear  on  the  particular  case  in  hand. 

First  then  as  regards  the  greatest  breadth  of  the  roadway,  for  a  given 
^aantitj  of  iron  it  is  evident  that  this  will  occur  in  a  bridge  with  a 
single  pair  of  main  girders  when  the  transverse  girders  collectively  weigh 
00  more  or  less  than  one  of  the  main  girders. 

Next  the  greatest  length  of  span  of  a  girder  must  occur  with  a  given 
^oantitj  of  iron  when  the  depth  bears  such  a  proportion  to  the  length 
that  the  quantity  of  iron  in  the  connecting  web  will  be  one- third  of  the 

•  LongmaiiB,  Groen  &  Co.,  London. 
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quantity  in  the  whole  girder.     This  proportion  can,  it  seems,  be  main- 
tained with  a  ratio  of  from  -j-^^  to  ^  of  the  span  according  to  the  design. 

The  work  the  girder  has  to  do  is  to  support  a  permanent  load,  con- 
sisting of  the  roadway,  sleepers,  rails,  &c.,  estimated  for  a  single  line  at 
about  *54  tons  per  foot  run,  and  a  rolling  load,  of  from  1*45  tons  per 
foot  run  to  *75  tons,  for  spans  between  40  feet  and  400  feet. 
Besides  this  there  is  the  weight  of  the  span  itself. 
Now,  whatever  the  load  may  be  taken  per  foot,  both  it  and  the  perma- 
nent load  of  sleepers,  rails,  &c.,  may  be  considered  as  the  useful  locidy 
as  far  as  the  question  of  span  is  concerned,  and  this  load  will  require  a 
certain  quantity  of  iron  to  support  it.  If  the  load  were  constant  per  foot, 
the  quantity  would  vary  as  the  square  of  the  span ;  because  it  will  be  as 
the  linear  dimensions  multiplied  by  the  strain,  and  if  the  strain  is  from 
weights  reckoned  on  the  foot  of  span,  the  total  quantity  of  iron  mast  be 
as  the  square  of  the  span. 

Also  the  weight  of  similar  girders  must  be  as  the  cubes  of  their  simi- 
lar dimensions,  and  consequently  amongst  them  as  the  cube  of  the  span. 
Accordingly  if  the  useful  load  increased  in  a  constant  ratio  with  the 
span,  the  weight  of  iron  due  to  it  would  increase  as  the  square,  ^hile 
the  quantity  due  to  the  weight  of  the  girder  itself,  would,  for  similar 
designs,  increase  at  the  same  time  as  the  cube  of  the  span,  or  more 
rapidly. 

As  a  fact,  however,  we  find  that  the  practical  load  for  railways  per 
foot  run,  decreases  from  a  span  of  40  feet  to  one  of  400  feet,  about  one- 
half,  owing  to  the  distribution  of  the  engine  weights  over  a  greater  length 
of  train  in  longer  spans,  and  also  that  short  bridges  suffer  more  than 
long  from  a  high  velocity,  and  require  some  extra  stiffening,  so  that  in 
longer  spans  the  material  required  for  the  useful  load  does  not  increase 
in  as  large  a  ratio  as  the  square  of  the  span,  while  in  practice,  modifica- 
tions of  design  are  made  which  by  alteration  of  form  allows  of  girders 
being  made  of  less  weight  than  is  due  to  a  ratio  of  the  cube  of  the  span. 
These  modifications  are  the  progression  from  plate  to  Warren  girders, 
and  from  them  to  lattice,  bowstring,  and  suspension  girders,  as  the  span 
is  increased,  by  which  the  supports  are  more  distributed,  and  rigidity  of 
parts  in  compression  preserved,  or  the  use  of  iron  in  compression,  avoid- 
ed as  much  as  possible,  as  in  the  last-named  description  of  span. 
Thus  on  the  one  hand,  we  have  the  total  weight  of  the  span  depending 
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on  one  dement  (the  usefol  load)  which  deoroMce  per  foot  run  from  small 
to  luger  bridgee,  while  on  the  other  hand  there  ia  another  element  (the 
ve^t  of  the  bridge  itaelf)  which  increases  per  foot  of  span. 

Pnetioe  seems  to  show  that  the  total  quantity  of  iron  reqmred  to  meet 
both,  taken  together,  is  pretty  constant  up  to  a  span  of  200  feet,  to  which 
fimit  the  quantity  is,  as  nearly  as  possible,  as  the  square  of  the  span. 

When  this  limit  is  passed,  the  weight  of  the  girders  becomes  such  a 
hffge  element  of  the  calcnlation,  that  the  spans  may  cost  anything,  from 
the  cube  to  the  fifth  power  of  the  span. 

As  regards  the  limit  of  span  m  reference  to  the  nsefal  load  only,  it  is 
endent  that  the  greatest  nsefal  load  will  be  accommodated  with  the  least 
quantify  of  iron  in  the  span  when  the  total  strain  exercised  by  the  nsefal 
loid  equals  that  proceeding  from  the  weight  of  the  span  itsdf . 

In  a  span  for  a  single  line  of  railway,  this  appears  to  be  the  case  at  a 
linut  of  about  200  feet.  But  we  have  already  seen  that  this  limit  may 
be  passed  with  a  view  of  procuring  the  cheapest  bridge^  which  cannot 
be  estimated  without  including  also  the  cost  of  piers.  These  may 
warrant  the  span  being  extended  far  beyond  the  paying  limit  with  respect 
to  the  useful  load  only,  according  to  the  drcumstanoes  which  a£fect  the 
oost  of  them. 

A  ftmple  rule  is  quoted  by  Mr.  Bindon  Btoney  as  Anderson's  rulet  fiur 
the  weights  of  lattice  and  plate  girders  under  200  feet  in  length.   It  is  this : 

MvUiplif  the  total  distributed  load  in  tons  hy  four,  and  the  product 
u  thi  weight  of  the  main  girders j  end  pillars ^  and  cross  bracing  in  lbs.  per 
nmmgfoot. 

Now  the  only  disadvantage  of  this  simple  rule  apparently  is,  that  it 
leqoires  you  to  guess  at  a  great  part  of  what  you  want  to  know. 

The  total  distributed  load  of  course  includes  the  weight  of  the  girders 
themselres.  Mr.  Bindon  Stoney  appears,  in  assuming  his  permanent 
span  load,  to  have  been  guided  by  the  cube  of  the  span,  where  only  a 
small  difference  of  span  occurs ;  but  be  tells  us  that  a  knowledge  of  the 
weights  of  spans  beyond  200  feet  is  only  to  be  gained  by  experience. 
Ab  bridges  of  all  practicable  spans  have  been  made,  it  is  a  pity  that  some 
coDcise  record  of  their  weights  does  not  exist  for  the  guidance  of  engineers. 

Bot  Mr.  Bindon  Stoney  gives  us  a  valuable  little  table  of  weights  of 
girders  up  to  200  feet  span,  which  is  sufficient  for  our  present  purpose. 
An  abstract  of  it  is  given  below  :^- 

VOL.  VI.  — SKCOND   8SR1K8.  H 
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WeighU  of  Singh  Idne  wrcughi-ircn  Lattice  Railway  Qhrdon  in  Urns; 
depth  being  ^  the  length. 

Bmnta.  Spaa.  1  Ton.  H  Tons.  U  Tons. 

(a).    Working    Btndns    5              18  0-7  0-8  0-84 

tonsperBqiiareinch              16  1-14  1*86  1-44 

lor  tension,  and  4              84  8-19  2-59  2-78 

tons  for  oompies-             82  84  4*0  4-S 

sion.                                    40  4-9  5*8  6-2 

(ft).    Dead  weight  of  cross              60  11*8  18-4  14-0 

gilders   platform;              80  20-8  24-8  26-5 

ballast  sleepers  100  88-6  89-0  40-7 

taken  at '64  tons  per  120  49ir  67-6  60-2 

foot  ran.  140  70-6  80-8  84-0 

(e).    Engines  of  24, 80  and  160  06-4  106-2  112-6 

82tonsgiying8tan-  180  126*4  141*6  146-7 

dardload  atl,  U,  200  168*2  ISO'O  186-7 
and  li  tons  per  foot 
mn  of  single  line. 

The  above  gives  the  weight  of  main  girders,  end  pillarSi  and  cross 
bradng. 

Not  mcltfdad— cross  girdersi  *18  tons  per  foot  ran  (8  feet  apart). 

In  regard  to  larger  spansi  the  weight  in  some  special  examples  are 

given  as  nnder  :— 

(Depth  A  of  the  length). 

(Single  line). 

Tom. 
400  feet,        n  „  1,164 

4«0    „  „  „  2JKe 

600    „  „  n  8,886 

N,B. — The  weights  of  main  girders  for  a  doable  line  bridge  are  doable 
those  given  for  a  single  line  bridge,  and  of  cross  girders  fonr  times  *18 
tons  per  foot  ran. 

From  this  table  it  appears  we  may  expect  to  be  able  to  make  a  200 
feet  span,  with  212  tons  of  iron,  viz.  :— 

Weight  of  girders,  end  piUats  and  cross-bracing,    186-7  tons. 

Cross  girders  at  '18  tons  per  foot,      860    » 

222-7 

This  is  a  little  over  the  given  qoantity,  bat  it  is  stated  that  the  qoan- 
tities  in  the  higher  spans  of  the  table  are  perhaps  rather  in  excess  of  troth. 

The  total  distribated  load  on  a  200  feet  span  for  all,  is  made  np  as 
below : — 
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ffilBHTS  Of  THE  PARTf  OF  THE  SROER 
MTOn. 


i 
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GkoH  girdff  8  leol  flpftrty  t**       »••       •••       ••#       '18  loos  per  loot  nuL 

Sheeting  4  indi  planks  and  bdti,  '10       „  „ 

fittb^  cbain,  &c^   •••       • -*       i)S       „ 

MMMlrnKf  •••  •••  •••  ••«  •••  •••  ^Rl  ^ 

•64 


M 


"54  (0D8  X  900  tety 108*0  tons. 

Boning  load  1*14  tons,       •       228-0     „ 

uirQfli<^  mCwf  •••        ■•■        •••        •••        •••    ISq-O     II 

Total,         ••.    622-0     ^ 

Wd^t  of  girdersi  end  pillAn  and  oro8B-bnoing  by  Andenon*B  nile :— 

yr^  522  tons  of  total  distribnted  loid,  we  ean  now  start  to  spportion 
ttie  vholfl  quantity  of  iron  between  the  different  parts  of  the  gixdat. 

Hie  proposed  angle  of  bradng  is  80°  with  the  verticaly  making  n 
nritt  of  eqaihteral  triangles.  This  does  not  give  the  least  quantity  of 
inm  in  the  biacingy  bat  it  admits  of  the  bars  composing  it  being  in 
ODgle  lengths,  withont  jomtS|  which  will  not  exceed  21^  feet. 

Ibe  sfanpleet  wi^  of  cakolatang  the  strains  is  to  consider  them  first 
as  for  a  Warren  girder,  and  then  the  sectional  area  of  iron  required  can  be 
Bplilup  into  as  many  lattice  bars  as  may  be  conyenient 

The  qoantitieB  of  iron  are  theoretically  as  the  linear  dimendons  mnlti- 
pfied  by  the  pressnresi  and  divided  by  the  safe  strains  per  sqnare  inch. 

Ibflse  come  oat  very  simply,  and  the  formoln  from  which  they  axe  de- 
rived aie  easQy  recognisable. 

The  theoretical  qoantities  have  then  to  be  modified  for  connections  and 

stVemngg,  and,  following  Mr.  Bindon  Stonqr's  method,  the  process  is 

giTenbdow:-— 

The  tension  bradng,  is  half  the  whole  bracing,  and  the  weight  is— 
SecOC^iMO.    Distributed  Load. 

2  4  6   8q*  144 

41-8  cable  loot  Iran,  at  4^  cable  feet  per  ton  a  MStons. 

OompsMrion  bracing  as  )  of  tensjon  as  ••!       •••       •••    11*18  tf 

T»danfl«.m««    «^   -^^   ^200X200  1 

Teaaicn  flanges  e  j^-.-j^  Xy^j^g:^  Xjjj- c  ft 

or    81-60  „ 
Oompieaaon  }  of  tbe  tension  flange,    ...       • •    89*50  „■ 

Total  theoretic  weight,     ...    91-86   „ 
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For  the  true  qaantities  we  have  the  following : — 

Theoretic  tension  bracing,  •••        ..«        9*08  tons. 

Add  rivet  holes,  say,  i  the  net  section, . .         ...         2-26        1 1  84 


•  a. 


••• 


Theoretic  compression  bracing,      

Add  stiffening,  100  per  cent 

Theoretic  tension  flange,      

Bivet  holes,  i  net  section,  

Covers,  I  of  whole  flange,  

Theoretic  compression  flange,        

Covers  of  compression  i  flange, 

Tme  total. 
Add  rivet  heads,  flange,  bolts  &c.,  iV, 
4  end  pillars,  at  and,  crossing  bracing. 


Add  czosB  girders,  •••        ••• 

Ccmtingendes,  • 


••• 


1118 

11*18 

22-36 

81-60 

6-82 

474 

42  66 

89*60 

4*94 

44*44 

120*80 

12-08 

87*76 

170*64 

8600 

5-86 

212-00  tons 

Total,    ... 


The  trae  qaantities  of  iron  in  all  tiie  parts  have  now  to  be  divided  be- 
tween the  members  in  proportion  to  the  length  and  the  strains. 

The  strains  in  the  top  and  bottom  flanges  diminish  in  regular  parabolic 
ratio  from  the  middle  of  the  span  towards  the  ends.  Those  in  the  brac- 
ing lattice  bars  increase  in  arithmetical  progression  from  the  middle 
towards  the  ends.  The  division  of  the  total  weight  for  each  of  the  three 
principal  members,  top  and  bottom  flanges  and  connecting  web,  in  the 
above  proportion  is  a  mere  matter  of  arithmetic.  The  results  are  given  on 
the  face  of  PlaU  VII. 

The  weights  of  eadi  section  of  the  girder  and  the  lengths  being  now 
ascertained,  the  sectional  areas  are  easily  derivable.  In  this  particalar 
case,  the  sectional  areas  are  then  divided  into  four  double  lattice  bars  for 
the  web,  which  gpives  a  support  at  4*8  feet  central  distance  in  every  part 
of  the  girder. 

Total  cost  of  the  Ntrhudda  Bridge, 

If  the  foregoing  be  accepted  as  an  average  plan,  it  will  give  a  bridge 
costing  £10,000  of  200  feet  span,  or  £50  per  foot  of  single  line. 
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For  the  NeibnddA  Bridge  8,600  feel  long,  theeoet  would  eoDBeqiifliitly 

be  £180,000. 

The  existing  bridge  appears  to  haye  cost  £47*77  at  the  least  eompn- 
tation.  It  has,  no  donbt,  cost  mach  more  owing  to  failores  and  recon- 
stroction.  It  is  certainly  for  a  doable  line,  bat  the  Beoond  line  has  never 
been  oaed,  and  were  the  traffic  anffident  to  demand  its  nse,  it  is  doabtfol 
if  the  stroctore  woold  stand  the  work  long.  When  we  come  to  consider 
what  a  large  traffic  might  we  worked  oyer  a  single  line  bridge,  eyen  on  a 
double  line  of  nulway,  it  mast  be  nnwillingly  conceded  that  a  second  line 
vill  be  oyer  required  on  the  Bombay,  Baroda,  and  Central  India  Railway, 
orer  the  few  exceptionally  long  bridges,  and  the  saying  in  the  original 
co«t  of  a  aingle  oyer  that  of  a  doable  line  mast  always  be  a  great  oonBider- 
stuHi  m  the  capital  aocoant. 

At  the  BBDoe  time,  double  line  bridges,  thoogh  they  might  cost  doable  as 
mudi  as  single  ones,  woald  allow  of  mach  more  than  doable  the  asefdl 

wodc  being  done  oyer  them,  and  may  be  reqaired  for  the  short  bridges 

when  they  are  nomeroas. 
We  haye  seen  that  for  a  200  feet  span,  single  line,  abont  212  tons  of 

inm  are  required.    For  a  doable  line,  a  120  feet  span  conld  be  nuhde  for 

about  the  same  weight,  as  will  be  seen  on  referring  to  the  table  i-^ 

Weight  of  main  girden^&c, 120*2  tons. 

GnsB  girders,  at  0*72  tons  per  foot, •      86*4    „ 

Total,        ».    206-6    „ 

Theoostwonld  be  aboat  £41*7  a  foot  for  the  span  alone  for  a  doable, 
agunst  the  £25*0  a  foot  for  the  span  alone  of  a  single  line. 

Bot  as  regards  the  cost  of  a  doable  line  bridge^  if  the  piers  as  designed 
were  loigthened  only,  and  woald  then  be  considered  thick  and  strong 
^luragh  for  a  doable  line  of  20  per  cent,  less  span,  the  ironwork  in 
^^  woold  be  increased  abont  58  per  cent,  and  all  other  items  69  per 
eeiit,  making  the  cost  of  a  pier  £7,905.  This  woald  giye,  at  £24  a  ton, 
829*4  tons  for  the  weight  of  iron  in  the  span* 

From  the  table,  it  appears  that  nnder  these  circnmstances,  a  span  of 
160  feet  woald  be  most  saitable,  giying  the  weight  of— 

Hain  girders,  &c.,  aboat 225  tons. 

Cron gilders,        ..        ••        • 115    „ 

Total,        ..       340   „ 
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The  cost  per  foot  of  bridge^  indnding  piersi  would  in  tiiis  case  be 
aboQ^— 

^^2?^^  s=  £99  a  foot, 

or  a  little  less  than  doable  the  coat  for  a  single  line. 

Were  the  same  span  adhered  to  for  both  single  and  doable  line,  and  the 
pier  as  designed,  lengthened  and  thickened  to  preserve  the  same  relative 
advantages  as  regards  the  loads  on  the  spans  and  foandations,  the  oost 
woald  be  inereased,  the  ironwork  aboat  83*6  per  cent.,  and  the  other 
items  aboat  the  same,  making  the  cost  of  a  pier  £9,808. 
The  cost  of  the  spans  woold  be — 

Giiden,       170^  X      2  =841-28  t(m& 
Croesda,        0-72  X  200  =144-00 tona. 

TotiO,       -.      485-28,  at  £24  a  ton  =  £11^46. 
The  cost  of  the  bridge  would  then 


Pien, 


^  =  £46-54 


Sm,    -     ^=    ^^ 


Total,    •••  £104-77  or  aboat  54  per  cent  more. 
Shoiring  that  it  would  be  cheaper  to  reduce  the  span  for  a  double  line. 

T.  P.  D. 


J 
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No.  CCXVIL 

DISCUSSION  OP  THE  MOST  RECENT  EXPERIMENTS 
ON  VELOCITY-DISTRIBUTION  IN  A  CHANNEL. 

IVtde  FlAtes  VUL,  DL  and  X.] 


Bt  Me.  Ij.  Bazik,  IngMeur  dea  P<mU  et  ChanuaSes. 
ftwuL  hf  Caft,  Allan  Cuicninoham^  R-E.,  Htm.  PM.  ofKimj^a  CM*,  Land. 


Traxudator^B  Prefluse. 


Thd  Bnay  is  tmiBlated  (with  the  author's  permission),  from  the  "  Amudes  des 
PbntietCSiaanteB,''  VoL  X.  of  1876.  It  is  an  exhanstive  discossioQ  of  theEx- 
perioieiiiB  then  available  (1875)  on  the  fignre  of  the  Vertical  yelocit]r-(?arTe  in  a  wide 
dnmttl :  it  does  not  of  oonzse  indnde  the  BesoltB  of  the  following  experiments  :— 

I**.  PttanA,  Umgnay,  and  La  Plata,  by  Mr.  J.  Q.  B^vy,  pob,  in  1874. 

2^.  Ocmnectieiit,  hy  (Sen.  Thea  G.  Ellis,  pnh.  in  1875. 

9^.  Roorkee,  by  the  present  writer,  pnb.  in  1875. 
TheiBthor^stronj^y  expressed  opinion  adTerse  to  the  nse  of  the  "  Doable  Hoat" 
cannot  USL  to  excite  serioos  consideration,  and  acquires  additional  importance  at  the 
pRMBt  tune  in  ocmseqaenoe  of  the  recent  publication  of  the  extensiye  Experiments 
ondielxniniddi,  and  of  the  no  less  extensiye  Experiments  still  in  progress  at  Boorkee, 
inboth  of  which  the  <*  Double-Float"  was  largely  used. 

Hie  traoslator  must  not  be  held  to  endorse  the  author's  condemnation  of  the 
*  DooUe-Flost "  when  used  with  suitable  precautions,  at  any  rate  for  channels  of  mo- 
doite  depth :  the  **  yertical  Telodty-curves  "  resulting  from  the  Boorkee  Experiments 
^  not  piwent  the  anomalies  pdnted  out  by  the  author  in  the  Mlsmssfppi  and  Saik- 
tha  Cnrfos,  and  will  be  foood  to  follow  pretty  closely  in  different  parts  of  tiie  same 
netion  the  rariation  of  form  indicated  in  the  Plates  of  the  author's  '^Becherches 
HydnRdiques,"  the  line  of  maximum  velocity  invariably  sinking  with  approach  to 
thebanki. 

^  attacks  made  in  seyeral  quarters  on  the  llississippi  Experiments  about  the 
tltiebien  of  cord  (stated  to  be 'S*)  used  for  the  Double  Floats,  has  elicited*  a  spirited 
^sfance  of  the  Double  Float  by  the  authors  of  the  Mississippi  Beport,  and  the  im- 
poctmt  statement  that  the  thickness  was  only  *!',  and  that  the  figure  "S*  before  given 
*H  IB  error. 

•"  Annua  Baport  o(  tbe  Chief  of  BnglMers  fen:  187fi  "-AppendU  AA  Iff,  page  114,  by  8^ 
B^BIilir^  Wadiinffton,  1876. 
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On  Velocit!/-I}i»tr&taiem  in  a  Chamul. 

The  distribution  of  velocity  in  a  cnrrent  hu  almdy  been  the  Mm  of 
nnmerona  experiments  which  are  fu  ^m  being  uoordont  even  in  the 
eimplest  case  of  a  channel  of  great  width,  in  which  the  effect  of  the  bantu 
may  be  disregarded :  these  experiments  present  in  the  case  of  m  large 
bodj  of  water  considerable  practical  difficnltiea,  and  the  highly  variable 
and  caprictons  nature  of  the  phenomena,  the  real  lawa  of  which  are  liable 
to  be  masked  by  a  host  of  secondary  inflaenceH,  greatly  increase  these 
difficnlties.  However  hydranlidans  admit  generally  now-a-dajs  that 
the  velocities  across  the  same  vertical  vary  as  the  ordinates  of  a  parabola ; 
the  greatest  velocity  is  sometimes  at  the  surface,  sometimes  below,  and 
hitherto  it  has  not  been  possible  to  estimate  tlie  cansee  which  govern  its 
change  of  position.  According  to  this  parabolic  law,  the  velocity  v  at 
a  given  point  of  any  vertical  depends  on  its  depth  h  below  the  sarface 
according  to  the  very  simple  farmnU 

in  which  h'  denotoe  the  distance  from  the  vertex  of  the  parabola  to  the 
snrfaoe,  H  the  full  depth,  and  V  the  maximum  velodty.  Beplacing,  for 
greater  simplicity,  the  ratios  A  •—  H,  and  A'  -7-  H  by  x  and  a,  we  may 
inite, 

»  =  V  -  M{!B  —  «)■ (1). 

Several  remarkable  relations  are  easily  deduced  from  this  equation. 

We  have  firstly,  for  the  mean  (u)  of  all  velodties  on  the  same  vertical, 

„  =/'{V  -  M  (.-.)•!  .d.  =  V  -  M  (J -.+  <.■),  ..^2). 

Denoting,  according  to  the  notation  used  by  Messrs.  Humphreys  and 

Abbot  in  their  great  work  on  the  Mississippi,  by  vt  the  velocity  at  depth 

V,  so  that  ffg,  V    V  denote  the  velocities  at  the  surface,  at  one-half, 

lhree>fiflhB of  the  depth,  it  is  easy  to  see  tiiat  the  mean  of  the  velo* 

:itiee  vx,  t^-M,  equidistant  from  the  surfece  and  bottom  differs  bat  little 
Fromu;  in  fact, 

Sl+iL--=V-MC«'-«  +  a'-«  +  i)  =  tt-M  («'-«+ J), 

in  equation  not  involving  a.  The  factor  mnltiplying  U  vanishes  when 
c  =  ^  (I  ±  Vi))  0'  approximately  when  «  =  J  or  J. 
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Bj  making  x  r=  ^  in  the  above  formala,  there  roenlts 

t^l  =  u  -I-  -^  M. 

Thus  the  mid«d«pih  velocity  differs  from  the  mean  velocity  only  by 
tfae  small  quantity  ^  M,  whatever  be  the  position  of  the  axis  of  the 
parabola.  Messrs.  Humphreys  and  Abbot  have  based  on  this  property 
a  rapid  mode  of  river-ganging.  Further  the  velocity  at  f  of  the  depth, 
alihoagh  not  independent  of  a,  differs  still  less  from  u,  for 

an  expression  which  varies  only  from  (u  —  ^^  M)  to  (u  +  ^  M),  whilst  a 
itself  varies  from  0  to  ^,  which  limits  comprise  most  of  the  cases  of 
practice. 

These  relations  are  very  simple  consequences  of  the  parabolic  law,  and 
obtain  for  all  values  of  M.  But  can  we  admit,  that  ccBieris  paribus  this 
parameter  is  itself  independent  of  the  position  of  the  axis  of  the  para- 
bola? Were  it  so,  when  the  vertex  ot  the  parabola  is  below  the  surface, 
th«  difference  (V  —  v^)  between  the  maximum  and  bottom  velocities 
(V, »,)  being  diminished  in  the  ratio  1 :  (I  —  a)*,  the  ratios  V  -r-  u  and 
p^  -f- «  should  approximate  very  closely  to  nnity.  Experiment  on  the 
other  hand  assigns  to  them  nearly  constant  values ;  M  should  therefore 

increase  with  a  so  as  to  preserve  the  difference  { —)  nearly  constant. 

This  condition  is  satisfied  by  changing  M  in  Eq.  (1)  into  M  -?-  (1  —  a)^; 

whence, 

.=  V_M(i^^)'. (8). 

Let  ns  submit  this  hypothesis  to  the  test  of  experiment,  and  at  the 
same  time  endeavor  to  find  the  general  expression  for  M.  The  data 
arailable  for  this  investigation  form  four  very  distinct  categories : 

I^   Experiments  on  the  small  scale  reported  in  Chap.  IIL  and  IV.  (Part  iii.)  of 

the  author's  *'  Recherches  Hydraaliqnea  *\ 
2"'   Experiments  in  £mx)pe  on  great  bodies  of  water  (the  Seine,  Saone,  &c) 
3^.   Experiments  of  Messrs.  Hmnphreys  and  Abbot  on  the  Mississippi. 
4^  Experiments  of  Mr.  Robt.  Gordon  on  the  Irrawaddi. 

r.  Experiments  on  the  small  scale. 

These  experiments  were  executed  by  means  of  M.  Darcys  "  gauge-tube  " 
on  very  regular  channels  of  about  2  metres  (6|')  width ;  the  observed  ve- 

VOL.  VI. — SECOND   SERIES.  I 
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locities  were  pretty  high,  and  the  maximum  velocity  was  commonly  at 
the  snrface.  In  the  discossion  of  the  experiments  in  which  this  latter 
condition  is  best  satisfied,  we  were  led*  to  assign  to  the  parameter  M  the 

value  M  r=  20  \/HI  (I  being  the  slope  of  the  channel),  so  that  the  equa- 
tion of  the  parabola  becomes 

t;  =  V  -  20  \/HIic», (4). 

See  Plate  XXIV.,  ^t^.  1,  of  the  Recherchea  Hydrauliquea  for  the 
graphic  representation  of  the  results  of  this  discussion;  by  calculating 

the  values  of  (V  —  v)  -^  V  ST  for  each  of  the  velocities  across  the 
same  vertical  line  passing  through  the  axis  of  the  stream,  and  plotting 
each  of  these  values  as  the  ordinate  (y)  of  a  point  whose  abscissa  is  tlie 
corresponding  value  of  a;,  it  is  seen  at  once  that  all  the  points  so  found 
lie  close  to  a  single  parabola  y  =  20  a;^ ;  this  proves  the  law  stated. 

In  this  discussion,  seven  experiments,  in  which  the  maximum  velocity 
was  below  the  surface  were  disregarded :  according  to  the  hypothesis  just 
made  for  the  general  expression  for  M,  Eq.  (4)  should  in  this  case  be  re- 
placed by  the  following : — 

t;=  VT-  20^/Hi(f^)^ (5). 

To  extend  the  same  mode  of  graphic  representation  to  this  equation, 

let  us  take  as  ordinates  y'  the  values  of  ■  , (1  ^  a)^,  and  as  abscissas 

those  of  (a;  —  a) ;  we  must  then  see  if  the  points  so  found  lie  close  to 
the  parabola  y*  =  20  »'•. 

The  Table  below  shows  the  data  of  the  seven  experiments  which  we 
are  about  to  discuss,  and  also  along  with  them  those  of  the  eight  experi- 
ments represented  on  Plate  XXIV.  of  the  '^  Recherches  Hydrauliques  "f 

* 

The  first  columns  of  this  Table  call  for  no  remark ;  the  two  last  show 
the  value  of  the  maximum  velocity  Y,  and  that  of  the  ratio  a  (  = 
V  -7-  H)  which  fixes  its  depth  below  the  surface.  It  is  clear  that  in  con- 
sequence of  experimental  errors,  there  is  always  some  uncertainty  as  to 
the  position  of  the  maximum  velocity,  so  that  a  cannot  be  determined 
within  about  *05  (  =  -^j^).  As  to  V,  the  velocities  measured  near  the 
vertex  of  the  parabola  give  a  sufficiently  close  value.    Thus  may  be  found 

quite  accurately  enough  the  quantities  y'  =  -j—  (1— a)"  and  a'  s=  a:— o 

*  B^BMhtrchu  Bifdrautiqwit  page  2S8,  €t  teg. 

t  8e€  olflo  Plates  XIX.,  XX.  of  the  same  for  the  data  of  these  15  experiments. 
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which  form  the  basis  of  the  graphic  representation  on  Plate  X.  An 
inspection  of  Fig,  1  will  show  that  almost  all  the  points  lie  close  to  the  pa- 
rabola y'  =  20  jc".  In  estimating  the  degree  of  discrepancy,  it  most  be 
obseryed  that  a  somewhat  slight  error  in  one  of  the  yelocities  makes  a 
considerable  change  in  the  ordinates  y'  which  depend  only  on  their  differ- 
ences. The  parabola  represents  then  the  results  of  experiment  as  well 
as  can  be  expected. 

If  we  wished  on  the  other  hand  to  suppose  M  constant,  and  thus  to 
apply  Eq.  (4)  instead  of  Eq.  (5)  to  these  experiments  in  which  a  differs 

from  zero,  ^  must  be  replaced  hjy  =      :,  and  the  ordinates  being  thus 

increased  in  the  ratio  I  :  1  -r*  (1  ^  a)',  the  points  so  determined  will  lie 
further  from  the  parabola  the  more  o  increases.  These  values  of  y  are 
shown  (Fig.  2)  for  the  seven  experiments  in  question,  and  it  is  seen  that  all 
the  pomts  are  actually  above  the  parabola :  the  impossibility  of  retaining 
Eq.  (4)  in  this  case  is  rendered  obvious,  and  Eq.  (5)  alone  remains  ap- 
plicable. 

This  latter  may  be  written  in  a  slightly  different  form,  which  is  often 
more  convenient,  dividing  both  sides  of  the  equation  by  u,  it  becomes 

In  a  body  of  water  of  great  width,  in  which  the  effect  of  the  banks  is 
negligible,  H  would  merge  into  the  hydraulic  mean  depth  B,  u  into  the 
"  mean  velocity  "  (U)  of  the  whole  cross  section,  and  as  the  ratio  HI  -r  u' 
would  thus  pass  into  the  known  coefficient  RI  -f-  U'  (to  be  denoted  by 
A)f  the  equation  of  the  parabola  might  be  written, 

1=1-20  V  A  (fe^y (6). 

In  this  form  it  contains  only  ratios ;  it  is  therefore  better  fitted  to  give 
an  accurate  idea  of  the  distribution  of  velocity,  the  ratios  only — and  not  the 
actual  values  of  the  velocities  in  each  particular  case, — being  the  object 
of  research. 

As  the  channels  in  question  were  only  about  1*8  or  2  metres  in  width,  the 

quantities  /-^  and  a/jT  differ  by  hardly  more  than  a  few  hundredths 
more  or  less* ;  let  us  suppose  them  equal,  and  replace  Eq.  (5)  by  Eq.  (6) 

•  The  diilaeDoe  bj  direct  calcnUtion  for  the  IS  experiments  is  generally  miudi  leas  than  fjf  of 
fjl. ;  only  two  experiments  give  a  diflerenoe  exceeding  this. 
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the  parameter  is  then  proportional  to  the  coefficient  s^A,  which  thns  be- 
comes the  ^*  modolns  "  of  the  yelocity-yariation.  Again,  the  formula  (2) 
which  connects  the  mean  and  maximom  velocities  may  be  written 


i  =  i  +  ^(i-«+..) 


or,  snbstitntmg  for  M  its  new  value 


I=l  +  20VA.^p^', 


(7). 


This  formula  assigns  to  the  ratio  V  -^  u  values  increasing  with  A ;  as 
the  factor  which  multiplies  VA  lies  always  between  ^  and  ^,  they  vary 
but  little  with  o,  as  is  readily  shown  by  calculating  their  values  for  the 
most  usual  values  of  VA. 
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Let  us  now  apply  the  formulas  (6),  (7)  to  these  15  experiments ; 
the  coefficient  sJK  being  known  for  each  of  them,  the  ratios  Y  -r  tt  and 
the  parameters  20  hjk.  -7-  (1  —  a)'  corresponding  are  deduced  as  follows. 

An  inspection  of  the  Table  (on  next  page)  shows  that  the  ratio  V  -f-  u 
varies  between  extreme  limits  1*09  and  1*19  according  to  the  nature  of  the 
sides.  Cceteria  paribtUy  this  ratio  decreases  somewhat  when  the  maximum 
velocity  is  below  the  surface.  When  ^A  =  *02,  Hien  Y  'T'  ^  =^  I'lO 
to  1*13 ;  tliis  value  will  recur  below  in  the  case  of  large  bodies  of 
water. 

2^  EzperimentB  in  Bnropeozx  large  bodies  of  water. 

The  measurement  of  velocity  in  a  large  body  of  water  presents  seri- 
ous difficulties.    The  meter  used  for  the  experiments  about  to  be  dis-> 
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cussed  acts  Tery  well  near  the  surface ;  hot  when  it  is  wished  to  penetrate 
into  the  deeper  layers  of  the  stream,  the  vibration  and  bending  of  the 
rod  which  carries  the  instmment,  often  interfere  with  its  working.  This 
mcooTenieDce  is  most  sensible  close  to  the  bottom :  if  the  meter  is  too 
nnr  the  bottom,  it  works  in  an  irregular  manner,  and  the  resulting  yelo- 
cities  are  obTioasly  too  low.  This  source  of  error  explains  certain 
anomalies  which  will  appear  further  on^ 

The  experiments,  the  results  of  which  it  is  now  proposed  to  discuss,  are 
12  in  number,  viz., 

\°,  Seven  experiments  on  the  Saone,  made  in  1859  at  Raconnay,  19 
kilometres  above  Chalon,  under  superintendance  of  M«  L^veill^.*  They 
were  all  made  at  one  cross-section :  the  velocities  were  measured  upon 
Terticals  regularly  spaced  at  20  metres  apart,  and  at  five  points  on  each 
Tertical,  the  two  extreme  points  being  as  close  as  possible  to  the  surface 
and  bedj  and  the  remaining  three  equidistant,  dividing  the  depth  into 
qoarters. 

2^  One  experiment  on  the  Seine  made  at  Meulan  in  1852,  under  su- 
perintendance of  M.  Emmeryf ;  the  velocity-measurements,  instead  of 
n^Iarly  subdividing  all  the  depths  proportionally,  were  distributed  at 

« 

^Mcessire  depths  of  ^  metre. 

3^  Two  experiments  by  Mr.  Baumgarten  on  the  Garonne ;  they  were 
^%  one  in  1845  at  two  kilometres  above  Marmande,  the  other  in  1841 
at  21  kilometres  below ;  the  velocity-measurements  were  irregularly 
spaced,  which  makes  their  discussion  more  difficult. 

4°*    One  experiment  by  M.  Defontaine  on  an  arm  of  the  Rhine  at 

Kehl|. 

^°.  One  experiment  made  in  1867  on  the  Rhme  at  Basle,  by  a  com- 
mission  of  engineers  of  the  neighboring  States  § ;  the  velocities  were 
njeasnred  on  only  a  small  number  of  verticals. 

On  PlaU8  YIII.,  IX.  are  shown  the  cross-sections  of  each  channel,  with 
uie  velocities  determined  at  various  points  of  the  cross-section ;  the  Table 
^low  shows  the  principal  elements  of  these  experiments. 

*  For  than  SzperimflQti,  tee  theTtible  of  pige  809  of  "  Beeherohfls  HTdnnllqaefl,*'  (Bxp^Vot, 

I  ^t>MinMT»ble^  (Bzp.  No.  9 of  Soies 9o;. 

I  ^f*^*^  ^  Fonts  et  CbMUrtM,  1S88,  Seooiul  half ^ 
^^  InternatioKuUe  Bhelnitr»in  Mflsnuiff  bei  Baeel,  Tonrenommen  an  6-12  Nor.  1867,  von  H. 
^*«»M,  Munich,  1878. 
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The  calcolatioii  of  the  velocities  (v)  presents  no  difficalty  in  the  case 
of  the  8«6ne;  the  Telocity-measarements  haying  been  spaced  so  as  to 
Bab-di?ide  the  whole  depth  (H)  into  qaarters,  we  can — without  taking 
into  aoconnt  the  differences  of  depth  on  each  of  the  six  verticals — take  the 
mean  of  the  several  velocity-measarements  at  the  sarface,  qoarter-depth, 
half-depth,  &c.  This  proportional  snb-division  was  not  followed  in  the 
case  of  the  Seine ;  but,  as  the  points  chosen  for  velocity-measarement  sub- 
divide the  verticals  into  five  or  six  nearly  equal  parts,  an  easy  interpola- 
tion gives  the  velocities  at  depths  ^  H,  f  H,  <&c.,. or  at  ^  H,  |^  H,  &c., 

and  we  can  then  take  out — ^as  in  the  case  of  the  Saone — the  means  for 
the  homologous  points.  The  same  process  of  interpolation  has  been  ap- 
plied to  the  two  experiments  on  the  Garonne ;  as  to  those  on  the  Hhine, 
where  there  were  but  few  verticals,  the  mode  of  sub-division  adopted  by 
the  experimenters  has  been  nearly  followed. 

By  plotting — ^as  in  the  experiments  on  the  small  scale — ^the  points 
defined  by  the  co-ordinates  a?',  y\  (see  Fig.  8,  Plate  X.,)  it  is  seen  as 
before  that  they  lie  close  to  the  parabola.    The  only  noticeable  feature  is 
that  the  points  corresponding  to  velocities  measured  at  a  short  distance 
from  the  bottom  are  all  sensibly  above  the  curve,  which  shows  a  more 
rapid  decrease  of  velocity  in  that  region ;  nevertheless,  it  may  well  hap- 
pen that  this  peculiarity  is  simply  the  result  of  experimental  error,  the 
meter  not  recording  accurately  when  placed  only  a  few  centimetres  above 
the  more  or  less  irregular  river  bed :  this  source  of  error  has  clearly  af- 
fected some  experiments  which  it  has  therefore  been  considered  necessary 
to  reject,  and  it  is  probable  that  none  of  them  are  quite  free  from  this. 
If — ^in  those  experiments  in  which  a  di£fers  from  zero — we  replace 

the  ordinates  y'  by  y  =  (V  —  »)  -5-  s/'ELl,  we  prove  again  (see  Fig.  4, 
Plate  X.)  that  the  suppression  of  the  factor  (I  —  a)*  raises  all  the 
points  much  above  the  parabola,  so  that  the  parameter  cannot  be  in- 
dependent of  a. 

The  values  of  A  differing  but  little  in  the  case  of  the  rivers,  it  might 
be  expected  that  the  ratio  Y  -7-  u  would  remain  nearly  constant ;  formuln 
(6,  7)y  assign  in  fact  to  this  ratio  and  to  the  parameter  of  the  parabola 
the  following  values.* 


•  Tbe  ▼•3u«8  of  »/bi  h-  «'  and  <yA  dliter  ■till  lesB  than  in  the  ezperlmentB  on  the  smaU  scale ; 
the  dfacr^P'OSPy  ia  ererywhere  leaa  than  ^ 

VOI^.    VI. — SECOND    SERIES.  ^ 


IrroM 


66 


DISCUSSION   ON   VBLOCITY'DISTRIBUTION    IK   A    CHANNEL. 


Dbtail  of  EZPBRIMXNTS, 


Valae 

>/a< 


u 


Elements  of  Paraboi^ 

u 


20^  A. 
(1  -  a> 


y  (X  -  a)«. 


V 

11 


90 1^  A 


(1  -  a)» 


Saonb 
at 
Raconnay, 


Seine, 

at 

Menkn, 

Garonne, 

nearMarmande, 

Branch  of 

Rhine 

at  Basle, 


n 

19 


^Experimeot  No.  1, 

2. 
3, 
4, 
5. 
6, 
7, 
(  Verticals  10  to  13, 
<       „        14  to  18, 
I       „        19  to  22, 
j  Experiment  of  1845, 
,  1  „     •   of  1841, 

Rhine,  at  Kehl, 
( Vertical.  No.  2, 
(  Verticals  Nos.  8,  4, 


•0314 

1. 128 

.518 

•0904 

1-116 

•565 

•0204 

i*ii6 

•565 

•0203 

M16 

•S6a 

•0185 

I'lOO 

•578 

•0185 

i-ioo 

•578 

•0192 

i>io4 

•600 

•0203 

I -135 

•406 

•0203 

1022 

.501 

•0203 

I 'IBS 

•406 

.0200 

I-I33 

.400 

•0190 

X-103 

•594 

•0227 

1-151 

•454 

•0260 

1^3 

.520 

•0260 

1-173 

.520 

•  10 

•"5 

•'5 

•iS 
•20 

•20 

•20 

zero. 

•10 
zero, 
zero. 

•20 
zera 
zero, 
zero. 


It  is  seen  that  the  ratio  Y  -f-  u  lies  commonly  between  1*10  and  1*13; 
it  rises  in  the  case  of  the  experiments  on  the  Bhine  at  Baslo  to  the 
nnnsnally  high  value  1*17,  in  consequence  of  the  peculiar  nature  of  the  bed 
which  consists  of  large  boulders.    The  parameter  lies  between  '4  and  *6. 

3"".    Experimenta  of  Messrs.  Hnmplireys  and  Abbot  on  the 

Mississippi. 

Messrs.  Humphreys  and  Abbot  carried  out  large  series  of  Discharge- 
measurements  on  the  Mississippi  in  1851  and  1858,  from  which  alike 
they  deduced  the  parabolic  law,  assigning  howeyer  to  the  parameter 
values  very  different  from  those  resulting  from  the  European  experi- 
ments*. The  enormous  depth  of  the  river  not  admitting  the  easy  use  of 
the  meter,  they  had  recourse  to  the  method  of  double  floats ;  the  lower 
float  consisted  of  a  cask  loaded  with  lead ;  a  cord  of  length  equal  to  the 
depth  proposed  to  be  attained,  connected  it  with  a  surface-float  carrying 
a  small  flag;  the  passage  of  this  flag  past  two  parallel  lines  of  sight 
200  feet  apart,  was  observed  with  telescopes  from  the  bank.  At  great 
depths  this  apparatus  clearly  does  not  show  the  velocity  of  the  stream  at 
the  point  to  which  its  lower  end  reaches ;  for  the  cord  and  the  surface 
float  being  plunged  in  layers  of  greater  velocity,  tend  to  move  quicker 
than  the  lower  float,  and  the  latter  is  thus  dragged  on  in  a  decidedly 

•  Report  npon  the  Phyaioe  and  Hydraulics  of  tlie  MissiBsippi  River,  by  Capt.  A,  Hnmpfarqrs  end 
Lieut.  L.  Abbot,  PhUadelphU,  1861. 
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marked  manner ;  the  error  thus  committed  increases  continnonsly  with  the 
depth,  and  too  small  a  value  results  for  the  parameter  of  the  parabola. 

The  experiments  in  1851  were  of  great  importance  in  Messrs.  Hum- 
phreys and  Abbot's  work :  they  are  recorded*  with  all  their  elements  in 
six  Tables,  which  show  the  velocities  measured  on  a  certain  number  of 
verticals,  the  depth  of  water  corresponding,  the  direction  of  the  wind,  &c. ; 
the  observations  having  been  made  at  six  different  sections,f  and  in 
different  states  of  the  river  have  no  immediate  mutual  connexion.  To 
disengage  from  these  somewhat  discordant  results,  the  expression  of  a 
law,  Messrs.  Humphreys  and  Abbot  took  out  the  mean  of  velocities 
obtained  at  corresponding  points  on  the  verticals  of  each  Table ;  these 
means  are  collected  below. 

It  suffices  to  glance  at  these  Tables  to  see  that  the  velocities  on  the 
same  vertical  vary  much  less  in  them  than  in  the  European  experiments. 
This  might  be  foreseen,  since  the  method  of  double  floats  tends  to  give  too 
high  velocities  for  the  deeper  layers  of  the  stream.  Messrs.  Humphreys 
and  Abbot  appear  it  is  true  to  anticipate  this  objection.^  <'  The  size  (of 
the  lower  float)  was  so  much  greater  than  that  of  the  surface  float,  that  the 
latter  did  not  sensibly  affect  the  rate  of  movement.  This  assumption  was 
tested  by  placing  the  apparatus  in  still  water  during  a  high  wind,  and  also 
by  noticing  the  direction  of  the  paths  of  the  floats  during  a  gale  blowing 
directly  across  the  river.  No  wind  effect  of  consequence  could  be  detected 
in  either  case. "  This  remark  merely  proves  that  the  effect  of  the  surface- 
float  is  insensible  which  will  be  readily  admitted ;  but  as  to  the  cord  which 
connected  it  to  the  sunken  float,  it  naturally  leaves  it  out  of  consideration, 
because  it  was  not  subjected  to  the  action  of  the  wind.  But  it  is  quite  a 
different  matter  in  a  stream.  Suppose  in  fact,  to  fix  the  ideas, «  depth  of 
30  metres  (about  98'),  and  the  lower  float  placed  as  near  the  bottom  as 
possible  so  to  give  the  velocity  v,. 

Its  section  -88  x  *25  =s  9'5  sq.  d^cim^tres— though  far  greater  than 
that  of  the  surface-float,  the  neglect  of  which  is  fairly  admissible, — 
is  less  than  that  of  the  cord  which  exposes  to  the  current  an  area  of 
*005  X  30  s=  15  sq.  decimetres;  the  mean  velocity  of  the  layers  which 
this  cord  pierces  being  sensibly  equal  to  u,  the  complete  apparatus  will 
not  show  the  bottom  velocity  v^,  but  a  velocity  intermediate  to  v^  and 
ti,  and  nearer  u  than  Vi. 

*  St4  Report  upon  the  Misn**ippU  P«fr«8  280^332. 

t  Ae«  PlaU  IX. ,  for  tbe  principal  section  at  Carrollton. 

X  R^ori  upon  th«  Miuiuippi,  page  824. 
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D1TAII«  or  SBRIU  op  BZPERnCINTB. 


Depths. 


TaUeZ 
72  experiments  on  ISverticals  at  8  different  sections, 

TablaZZ 
42  experiments  on  8  verlicals  at  8  different  sections, 

TaUeZn 
28  experiments  on  4  verticals  at  8  different  sections. 


1°.  Bxperimentsmadeat 
105' to  110' (82*  to  88-5), 

66' to   70' (19-8  to  21-3), 

60'  to   65'  (15-8  to  16-8), 


TaUeZV 


2^  Experiments  made  at  low  water 


24  experiments  on  6  verticals  at  one  section  at  Car- 
rolltOD, 

TabtoV 

20  experiments  on  8  verticals  at  2  different  sections, 
(one  at  Carrollton,  one  at  B&ton  Bonge,) 

TabUTZ 

86  experiments  on  6  verticals  at  8  different  sections, 
(one  at  CarroUton,  two  at  BAton-Ronge,) 


95'  to  100^  (29«     to  80-6), 


75' to   80' (22-9  to  24-4), 


56' to   66' (16--8  to  19-8), 


Besides  the  above  principal  experiments  whicli  were  made  with  great 
1858  on  the  Mississippi  at  Vicksbarg  and  at  Golnmbns,*  and  in  1851 


Detail  ov  Svriks  of  BxpiBDinns. 


DSPTHS. 


l^  Xbcperiments  on  the  MiMia- 

65'  to  76'  (16-8  to  22-9), 


•  • 


TaUaVZZ 

ColumbuB. — 62  experiments  on  18  verticals.. . 

Table  ZZ 

Ticksburg, — 20  experiments  on  10  verticals, 

Table  ▼HI 
FieMurg, — 8  experiments  on  2  verticals,  •  • 

Table  Z 

Bofou  PlaqMemifu, — 8  experiments  on  1  vertical,      I  27'  (8"*2), 
Bayou  La  Jfourohe,^~6  experiments  on  1  vertical,         27'  (8"*2), 


45' to  65' (18-7  to  19-8), 


75'  (22«'9), 
2^  Experiments  at  Bayoiia 


•  Su  PlaU  IX.  for  tbe 
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XKAJIS  or  TBLOCrrr-MKASURDCBNTS  AT  KACH  DKPTH. 


r     \    ir    \    IS' 


S4' 


W 


M' 


43' 


46' 


M' 


eo' 


86' 


TV      78' 


84' 


90t 


IW 


Id^  "vrateT  at  OazroUton. 


1-293 


I-OS2 


mitt,  ' 

m^ 

mit.  \ 

mfet. 

neb* 

mit. 

m^.  1 

1-279 

1-S96 

•  • 

i-3'O 

•  • 

•  • 

ys*s 

i-oy6 

I -1 19 

•  ■ 

1-114 

•  • 

•  • 

i-iaS 

-»o6 

-861 

•  • 

•863 

•  • 

•88 1 

•859 

mH. 


«*303 


I'OQS 


mM. 


m^L 


1*064 


I '267 


mdt. 


m&t. 


1*203 


at  OanroUton  and  Baton-Bouge. 


•585  •59a  "601  -591 


•739 


•73» 


1^1] 


•7*9 


•728 


•7*4 


•716 


•716 


•713 


•5811  •S8orS77  -569  -567 


•705 


•699 


•700 


'684 


•687 


•670 


•679 


•652 


•676 


•629 


•556   '549  'SSo-S'S'Soo    •• 


•662 


-647 


•615 


care  from  boats  moored  in  the  river,  other  experiments  were  made  in  less  detail  in 
on  tKe  Bayoas  Plaqnemine  and  La  Fonrche. 


MEA9B  OF  YELOCITT-lfKASUREMENTa  AT  KAOH  DIPTH. 


W 


Ift* 


S(K 


80' 


4(y 


60* 


W 


TV 


aippi  at  Oolumbna  and  Vickabarg. 


1*214!       ..  *'*4S 


•  • 


1-393 


Plaqnamine  i 
rjJii     I  •9^7  I 


•  • 

1*270 

1-278 

mht. 
1*273 

1*276 

•  a 

•  • 

1-383 

I -340 

1*276 

1*225 

•  • 

•  • 

•  • 

•  • 

2*298 

2*216 

2-a34 

•  • 


2*079 


d  lA7ourche. 


2-935 

•994 


1*920  f 
•981  I 


'•835  ( 
'981  I       •960  I 


•• 


•  • 


trntdthmWrnOmipsA  •*  CdumbM. 
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The  results  furnished  by  double  floats  are  probably  also  subject  to 
another  source  of  error :  the  complete  apparatus  being  in  equilibrium  in 
the  mass  of  the  fluid,  the  sunken  float  readily  yields  to  the  oblique 
movements  which  take  place  in  the  stream,  and  may  be  raised  into 
higher  strata ;  in  which  case,  the  tension  of  the  cord  suddenly  ceasing, 
the  surface-float  becomes  free,  and  takes  the  lead,  thereby  indicating  too 
high  a  velocity.  Though  little  noticeable  at  low  velocities,  this  scarce 
of  error  must  assume  considerable  importance  in  a  rapid  stream  able  to 
retain  in  suspension  solid  bodies  denser  than  water.  Double  floats  though 
more  handy  than  the  meter  in  large  bodies  of  water,  present  therefore 
less  certainty,  and  their  use  tends  to  hide  the  law  of  decrease  of  velocity 
by  diminishing  the  parameter  of  the  parabola.  Let  us  collect  then  on 
to  one  Table,  the  elements  of  the  parabola  which  Messrs.  Humphreys  and 
Abbot  deduce  by  interpolation  from  the  preceding  experiments. 

On  inspection  of  this  Table,  we  are  at  once  struck  by  the  smallness  of 
the  ratios  V  -f-  u  and  M  -r*  u ;  the  former,  which  in  the  European  ex- 
periments does  not  fall  below  1*10,  is  reduced  to  1*02,  so  that  there  is  a 
difference  not  exceeding  ^  between  the  maximum  and  mean  velocities,  a 
difference  altogether  negligible  in  practice.  As  to  the  parameter  M  -r-  v 
whose  minimum  was  '4  in  the  rivers  of  Europe,  it  falls  down  to  *15. 
Another  and  not  less  striking  peculiarity  is  the  unusual  rise  of  the  ratio  a 
which  reaches  '45  in  the  experiments  at  Garrollton,  and  *5  in  those  at 
Columbus.  Messrs.  Humphreys  and  Abbot  lay  down  indeed  as  a  prin- 
ciple that  the  normal  value  is  -317,  that  is  to  say  that  in  a  regular  stream 
whose  surface  is  not  affected  by  wind,  the  maximum  velocity  is  always 
at  j^  of  the  depth*. 

These  results  are  almost  in  complete  disagreement  with  the  experi- 
ments above  discussed ;  if  this  disagreement  occurred  only  in  the  case  of 
the  special  experiments  on  the  Mississippi,  it  might  be  attributed  to 
the  exceptional  conditions  of  this  immense  body  of  water :  but  they  are 
also  equally  pronounced  on  the  Bayous ;  and  the  American  experiment- 
ers have  obtained  on  these  bodies  of  water,  in  all  respects  like  our 
rivers  in  Europe,  extremely  low  values  (*16  to  *22)  for  the  parameter 
M^  «. 


•  The  general  valae  of  u*  taking  into  aooonnt  the  effect  of  the  wind,  would  he  a  =  -si?  +  'Oe/, 
f  being  a  number  jnoportionAl  to  the  foroe  of  the  wind  .  this  number  lying  between  0  and  10,  moii 
be  conddered  pins  or  minne,  aooording  as  the  wind  blows  from  the  down  or  up-sUoam  direction, 
iR«twrt  upM  Oie  Mistiuippi,  page  363). 
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This  result  is  clearly  in  fault,  and  must  throw  doubt  on  the  exactitude 
of  the  method  used  for  Telocity-measurement. 

Messrs.  Humphreys  and  Abbot  assign  to  the  parameter  M  the  value 
M  s  ^MJ,  U  being  the  mean  velocity  of  the  whole  cross-section,  and  h  a 
coefficient  varying  with  H,  viz.,  b  =s  •284  -f-  VS  +  -457.  In  a  regular 
channel  of  great  width,  the  ratio  M  -;-  u  would  become,  making  U  =  u, 
and  replacing  b  by  its  value, 

U  _  '5SS 

«         V«  .  ^H  +  -467 
whence  result,  by  varying  H  and  m,  the  following  values : — 


Yftlae  of  H. 


Yalnea  of  H  -f-  «  ' or 


u  =  '6 


«  =  1-0 


Uzz  1-5 


«  =  2*0 


!• 

a* 

5- 

lO* 

ao* 
30- 


•686 

•485 

•396 

•343 

•6oa 

.     -426 

•348 

•301 

•493 

•349 

•285 

•247 

.419 

•297 

•242 

•210 

•356 

•251 

•205 

-177 

•31 « 

•227 

•185 

•160 

The  ratios  above  vary  between  very  wide  limits :  it  is  impossible  to 
make  further  comparison  with  the  results  of  the  formuls  (5),  (6),  as  the 
American  experiments  do  not  show  the  values  of  I  or  ^A.  The  results 
collected  in  the  Tables  of  pages  68,G9  are  in  fact  the  mean  of  a  certain 
number  of  experiments  made  at  various  times,  and  it  is  impossible  to 
assign  to  the  constantly-varying  slope  of  the  river  a  corresponding  mean 
value. 

4**.  Experiments  of  Mr.  Robert  Oordon  on  the  Irrawaddi. 

Experiments  similar  to  those  on  the  Mississippi  have  recently  been 
made  on  the  Irrawaddi  by  Mr.  Robert  Gordon,  an  English  Engineer* : 
they  may  be  compared  with  those  of  Messrs.  Humphreys  and  Abbot,  for 
in  the  lower  part  of  its  course  the  Irrawaddi  almost  equals  the  great 
American  river  in  the  size  of  its  bed,  and  in  the  enormous  volume  of  water 
which  it  discharges  when  in  flood.f  The  experiments  were  tnade  in  1872 
and  73  at  Sai'ktha,  at  the  head  of  the  delta  formed  by  the  numerous 

*  In  a  reoently  pnbliahed  memoir,  "  Fraffment  containing  a  diteusHon  qf  a  nev  Jbrmula  for  the  fiom 
of  toater  i»  open  ehanneUt  Milan,  1873, "  Mr.  Oordon  proposes  a  new  formnla  for  the  discharfe  in  a 
canal :  this  memoir  mentions  some  data  taken  from  the  Iirawaddi  experiments. 

t  The  discharge  of  the  river  in  flood  rises  at  Salktha  to  40,000  cabic  mitres  per  second,  and  the 
water  level  may  rise  14  mibtxn  above  low  level,  {see  the  croos  ocotioii,  Plate  IZ.) 
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mouths  of  the  rirer.  Mr.  Gordon  has  most  obligingly  placed  his  field- 
books  at  my  disposal,  showing  the  data  collected  daily  thronghoat  a  whole 
year,  and  has  kindly  authorized  my  taking  extracts.  I  shall  borrow  from 
this  vast  collection  of  experiments  still  unpublished,  some  remarkable  re- 
sults which  fall  within  the  plan  of  this  essay. 

The  velocities  were  measured  as  on  the  Mississippi  by  means  of  double 
floats  traversing  a  space  of  200  feet;  but  the  cord  used  to  connect  the  two 
floats  was  not  nearly  so  thick ;  it  was  made  of  a  very  strong  cord  of  *001 
to  '002  metres  thickness,  used  in  the  country  for  making  nets ;  the  lower 
float  was  placed  in  succession  at  1,  2,  8,  &c.,  metres  below  the  surface. 

The  observations  haying  been  carried  on  almost  uninterruptedly  for  a 
long  period,  it  was  necessary — previous  to  all  discussion — to  classify  them 
into  several  distinct  groups  according  to  the  depth  of  water.  These 
groups  are  four  in  number. 

iSeries  1^ — ^Experiments  made  whilst  the  river  stood  at  1'  to  8'  on 
the  gange  at  Saiktho. 
Series  2^.— Experiments  made  whilst  the  river  stood  at  3'  to  5'. 

(  Series  3^ — ^Experiments  made  whilst  the  river  stood  at  26'  to  30'  on 
High  water,  <  the  gaoge  at  Saiktha. 

I  Series  4^ — ^Experiments  made  whilst  the  river  stood  at  30'  to  35'. 

This  primary  classification  once  made,  the  number  of  verticals  on  which 
the  experiments  were  made  was  still  so  great  in  each  series,  that  it  was 
necessary  to  subdivide  the  cross-section  of  the  stream  into  subsections : 
these  subsections, — arranged  so  as  not  to  include  very  different  depths,-— 
are  four  in  number  for  low  water,  and  six  for  high  water ;  they  are  shown  on 
the  cross-section  of  the  river  (Plate  IX.)*;  a  separate  mean  has  been  cal- 
culated for  each  of  them,  by  grouping  together  all  the  velocity-measure- 
ments in  the  subsection ;  the  points  of  observation  on  each  vertical,  being 
regularly  spaced  at  equal  intervals  of  1  m^tre  from  the  surface  downwards, 
do  not  subdivide  the  verticals  into  proportional  parts ;  it  has  been  neces- 
sary to  find  by  interpolation  from  the  observed  velocities,  the  velocities  at 

tV>  ^f  Tffi ^  ^^  ^^^  depth,  and  then  take  out  the  mean  of  all  the 

values  so  interpolated  for  the  whole  of  each  subsection.  The  Table  below 
shows  in  an  abridged  form  the  results  of  these  laborious  calculations 
carried  out  for  more  than  500  vertical. 

*  A  duifdfid  xwtaogle  oorreiponds  on  the  fignre  to  each  sntwectioii :  the  (horfwntal)  length  of  this 
netangle  ahows  the  limitB  between  which  the  experiments  were  made,  the  vertical  height  ahowa  the 
limit  through  which  the  water  lerel  raried  during  the  coarse  of  those  experiments.  In  order  to 
avoid  iraetiona,  it  has  been  thought  right  to  preserve  English  measures  on  this  ctosb  section :  thna 
the  ohiinatea  are  spaced  at  IW  (about  80m.48). 

VOL.  VI. — SKCOMD  SERIES.  L 
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A  mere  glance  at  the  preceding  data  shows  at  once  a  decided  discre- 
pancy between  the  Irrawaddi  and  Mississippi  experiments;  the  maximum 
velocity  which  Messrs.  Humphreys  and  Abbot  place  always  at  a  great 
depth  is  in  these,  with  rare  exceptions,  at  the  surface  itself.  By  examin- 
ing the  decrease  of  Telocity  from  the  surface  downwards,  it  is  seen  that 
at  low  water,  (Series  Nos.  1,  2,)  this  decrease  is  decidedly  more  marked 
than  in  the  Mississippi  experiments  at  Garrollton.  At  high  water  (Series 
Nos.  3  and  4),  a  singular  anomaly  appears ;  whilst  the  three  first  sections 
of  each  series  furnish  results  like  those  at  low  water,  the  decrease  of  velo- 
city diminishes  continuously  at  the  other  sections,  and  finally  disappears 
altogether  at  the  last,  where  the  velocity  reaches  2  metres  per  second  at 
the  bottom  as  at  the  surface.  This  strange  result  is  evidently  inadmissi- 
ble, and  its  explanation  must  be  sought  in  a  source  of  error  inherent  in 
the  mode  of  experiment  used :  this  cause  already  alluded  to  above  is 
simply— in  my  opinion — ^the  displacement  of  the  lower  float,  raised  by  the 
tumultuous  motion  of  the  fluid  into  strata  higher  than  those  in  which  it 
is  supposed  to  move;  nearly  nil  at  low  water,  this  disturbing  influence 
must  act  with  increasing  intensity  when  the  velocity  of  the  lower  strata 
of  the  stream  becomes  high  enough  to  hold  in  suspension  solid  particles 
of  a  density  equal  to  that  of  the  floats. 

To  proceed  to  a  more  detailed  discussion  of  the  velocities  measured  on 
the  Irrawaddi  and  Mississippi,  it  is  necessary  to  group  them,  so  as  to  col- 
lect together  the  experiments  in  which  the  velocities  differ  slightly,  and 
to  form  means  in  which  the  influence  of  experimental  anomalies  shall  be 
sufiSdently  got  rid  of. 

After  finding  the  difference  between  the  maximum  velocity  and  the  ve- 
locity at  ^  of  the  depth,  it  is  easy  to  see  that  this  difference  is  propor- 
tionately larger  in  the  Irrawaddi  experiments :  this  peculiarity  will  appear 
more  clearly  by  transforming  the  preceding  data,  so  as  to  show  the  mutual 
ratios  of  the  velocities.  Take  the  fundamental  equation  (1),  make  a  =  0, 
and  divide  both  members  by  V,  whence 

But  we  have  {see  (6))  made  M  =  20  u  VA,  and  we  have  on  the  other 
hand  {see  (2))  u  =  Y  -*  ^  M,  whence  results 
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And  the  equation  of  tiie  parabola  becomes  under  this  form, 

^  =  1  ^  -^J<IA-^  0^, (8). 

V  1  +  ^  20%/A  ^  ^ 

The  hydraulic  mean  depth  yaries  in  Mr.  Gordon's  experiments,  from  5*5 
to  13  metres,  and  assuming  that  the  formula  A  =  -00028  (l  +  ^)  de- 
duced by  me  from  the  data  collected  from  European  liyers,  is  applicable 
to  the  Irrawaddi,  the  corresponding  yalues  of  aJA  will  be  *0175  and 
*0185 ;  introducing  the  mean,  viz.,  VA  =  *018  into  formula  (8),  it  re- 
duces to 

r^  =  1  -  -82  x\ (9). 

» 

This  formula  would  assign  to  the  ratio  v  -r  V  the  following  yalues  :— 
Valncs  of  I  ^  ^  yj^^^J^  j  .^^  |  ^^  |  .^^^  |  ^^  |  .^5^  |  ,^^  |  .g]^  |  .^^^  |  .^^^  | 

Let  us  return  then  to  the  Table  of  page  76,  and  diyide  all  the  yelocities 
of  each  series  by  V. 

The  comparison  of  the  aboye  results  will  be  more  easily  done  by  help 
of  a  graphic  representation ;  let  us  take  as  ordinates  the  depth  x^  and  as 
abscissfe  the  ratios  v  -f-  V,  and  plot  for  each  group  of  means  the  points 
corresponding  to  the  yalues  v  -7-  V,  as  well  as  the  parabola  represented 
by  £q.  (9),  (see  Plate  X.,  Fig.  5,  6) ;  an  examination  of  these  curyes 
suggests  the  following  remarks  :— 

V,  Those  of  the  Irrawaddi,  except  the  last,  (No.  5,  high  yelocities  of 
2  mMres  per  second,)  agree  sensibly  with  the  parabolic  theory  as  far  as 
the  point  corresponding  to  mid-depth  (x  =  '5) :  beyond  this  point  a  dis- 
crepancy appears,  scarcely  noticeable  in  the  low  water  experiments :  it  is 
declared  more  markedly  the  more  the  yelocities  increase ;  in  the  two  last 
(Nos.  4,  5)  the  curyature  is  eyen  reyersed  beyond  the  ordinate  of  a?  =  '6, 
so  that  the  yelocities  begin  to  increase  again  downwards  and  become  near 
the  bottom  almost  equal  to  the  surface-yelocities. 

2^  The  Mississippi  curyes  present  quite  another  appearance.  The 
low  water  curye  (No.  1)  recalls  the  corresponding  Irrawaddi  curye,  with 
the  single  exception  that  the  yalue  of  the  parameter  is  markedly  less.  It 
is  just  the  same  with  the  curye  No.  4  (of  the  Vicksburg  experiments)  which 
may  be  compared  with  Nos.  2,  3  of  the  Irrawaddi  curyes.  As  to  the 
other  three,  they  differ  entirely  because  they  suppose  the  maximum  yelocity 
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at  a  considerable  deptb.  The  carves  Nos.  8  and  5  hare  however  this 
common  characteristic  along  with  the  corresponding  Irrawaddi  carves, 
that  the  velocities  are  almost  as  high  at  the  bottom  as  at  the  surface, 
bat  they  do  not  preserve,  as  the  latter  do,  a  trace  of  the  parabolic 
law  in  the  higher  state  of  the  stream. 

Tlie  anomalies  which  this  graphic  representation  throws  into  relief,  ap- 
pear  to  me  to  be  explained  by  the  mode  of  experiment  nsed.  In  the  first 
place  the  acceleration  of  the  lower  float,  increasing  on  the  one  hand  with 
the  depth,  and  on  the  other  with  the  thickness  of  the  cord,  ought  to  be 
mach  more  marked  in  the  Mississippi  experiments  than  in  those  of  the 
Irrawaddi,  in  conseqnence  of  the  greater  depth  of  the  river,  and  of  the 
considerable  size  of  cord  used  to  connect  the  floats.  Thus  the  experi- 
ments of  Messrs.  Humphreys  and  Abbot  diverge  much  more  than  those 
of  Mr.  Gordon  from  the  parabolic  law  given  by  the  European  experi- 
ments. As  to  the  displacement  of  the  lower  float  at  high  velocities,  it 
constitutes — as  above  shown — a  second  source  of  error  which  cannot  be 
got  rid  of,  and  whose  influence  is  shown  in  all  these  experiments  when 
the  velocities  reach  1*5  metre  per  second ;  yet  Mr.  Gordon's  curves  per- 
mit the  parabolic  decrease  to  be  seen  even  in  this  last  case  throughout  the 
third  or  half-depth,  whilst  those  of  Messrs.  Humphreys  and  Abbot 
present  a  singular  diversity,  in  which  it  is  difficult  to  see  any  well  defined 
law :  it  cannot  in  fact  be  explained  otherwise  than  by  experimental  error 
how  the  maximum  velocity  is  sometimes  found  to  fall  below  mid-depth. 

Summary  of  the  above  experiments. 

Let  us  examine  now  the  diverse  results  which  we  have  rapidly  review- 
ed. The  discussion  of  the  experiments  on  the  small  scale  shows  incon- 
trovertibly  that  the  parameter  (M)  of  the  velocity-parabola  cannot  remain 
constant  when  the  maximum  is  below  the  surface ;  it  must  in  this  case 
increase  with  a,  and  the  experimental  data  are  closely  satisfied  by  replac- 
ing M  by  M  -7-  (1  —  a)^  Other  analogous  experiments  might  have  been 
brought  into  this  discussion :  they  would  not  introduce  any  new  element, 
and  I  shall  confine  myself  here  to  citing  one,  of  a  quite  special  character, 
in  which  again  the  necessity  of  increasing  the  parameter  with  a  is  clearly 
seen. 

With  the  view  of  studying  velocity-distribution  in  a  rectangular  chan- 
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nel,  Mr.  Darcy  had  constructed  in  1857  a  rectangular  pipe  of  '8  m^tre 
horizontal  width  bj  '5  metre  height* ;  bj  sending  different  yolumes  of 
water  through  it,  it  was  proved  that  the  velocities  were  distributed  .quite 
regularly  round  the  centre,  and  that  the  law  of  this  distribution  was  in  no 
way  dependent  on  their  absolute  values,  the  ratio  t;  -f-  U  of  the  velocity 
V  at  a  given  point  of  the  section  to  the  mean  velocity  TT  of  the  whole 
section  remaining  constant,  whatever  the  volume  discharged  might  be ; 
the  coefficient  HI  -f-  U^  was  also  likewise  constant  and  equal  to  '00O275. 
If  we  suppose  the  cross-section  of  the  pipe  cut  in  two  equal  parts  by  a 
horizontal  plane  traversing  the  middle  point  of  its  height  (2H),  each  of 
these  halves  in  which  the  velocities  are  symmetrically  arranged,  may  be 
compared  with  a  rectangular  channel  of  depth  H.  The  decrease  of  the 
velocities  on  the  central  vertical  of  this  channel  would  follow  the  parabolie 
law  as  shown  below: — 

~,    ..       (  at  centre  of  the  pipe,        »  =  1'176U 

'    (  at  -22  m^tre,  or  -88  H  below,      • .         . .    v  s=  0*891  U 

After  experimenting  on  the  pipe,  it  was  converted  into  an  open  channel 
by  removing  its  top,  and  a  volume  of  water  was  passed  down  it  such  that 
the  depth  of  the  stream  was  precisely  equal  to  H.  The  section  of  this 
stream  being  the  same  as  that  of  the  half-pipe  above  considered,  we  actu- 
ally found  nearly  the  same  mean  velocity  U  and  same  coefficient  Hl-f-U' 
as  in  the  case  of  the  pipe  for  a  like  value  of  I :  the  velooity-distributioa 
however,  was  no  longer  the  same. 

I  at  «08  m^tre,  or  *12  H  below  the  sarfaoe,  ••  «  =  1*245  U 
at  -11       „  "44  H  „  . .  » =  1-180  U 

at  -17       „  '68  H  „  ..  « =  1-072 U 

at  -22      „  -88  H  „  . .  v  ss    -911  U 

Here  again  these  values  satisfy  the  equation  of  a  parabola,  but  the 
vertex  instead  of  being  at  the  surface,  is  at  about  ^  of  the  depth ;  the  ratio 
1*18  which  in  the  case  of  the  closed  pipe  coresponded  to  the  centre,  occurs 
at  the  depth  -44  H ;  as  to  the  velocity  near  the  bottom,  it  was  not  sensibly 
changed ;  the  parameter  must  therefore  be  increased  in  a  considerable 
proportion.     Let  us  then  test  by  these  two  examples  the  formula 

V       Y       20  Va"  ,  ., 

«         u         (1  —  a)"  ^  ^ 

*  For  tlieM  ezperlment^  tet  Secherthet  fffdrauiiqueit  8rd  put,  Ohap.  II. 
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To  proceed  with  this  trial,  it  mnst  he  ohserred  that  u  denotes  the  mean 
velocity  on  the  central  vertical,  which  is  greater  than  U  the  mean  for  the 
whole  section ;  there  easily  results  for  the  closed  pipe  u  =  1'058  U,  and 
for  the  open  channel  u  ss  M14  IT;  substitnting,  and  making  a  =  -15, 
A  =s  *000275,  the  above  equation  becomes 

For  the  closed  pipe,    —  =  1-175  ^  "351  x*. 

For  the  open  channel,  -^  =s  1-220  —  *5]2  (»  *  -IS)*, 
and  applying  it  to  the  two  experiments,  we  have, — 


CLOaiD  PIPB. 

OPSN  OHAHiniL. 

Diiteoo6 
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Depths. 
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tu  fonnoUL 

by  flB^pennieiit* 
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o 
•44  H 

•88  H 
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•891 

»-«75 
1*107 

•903 

•laH 
•44  H 
.68  H 
•88  H 

1-345 
i*i8o 

1*073 

•911 

i-sao 
1.177 
1*076 

-947 

The  agreement  is  as  close  as  could  be  wished*.  I  repeated  in  1859 
these  comparative  experiments  on  a  smaller  pipe ;  the  results  being  qnite 
similar,  it  is  nnneceesary  to  record  them  here. 

Let  ns  pass  to  the  experiments  on  large  bodies  of  water.  The  para- 
bolic law  is  clearly  shown  in  those  which  were  made  in  Enrope  by  means 
of  a  meter ;  the  increase  of  parameter  with  a  was  even  more  marked  than 
in  the  artificial  channels,  and  a  rapid  decrease  of  velocity  is  often  shown 
on  nearing  the  bottom.  This  peculiarity  is  especially  marked  on  the 
Baone,  where  the  meter  was  placed  some  centimHres  from  the  river-bed. 
Nevertheless  the  motion  of  the  instrument  being  clearly  hindered  in  this 
case,  it  may  be  admitted  with  great  probability  that  the  velocities  so 
obtained  are  too  low. 

But  if  we  now  consider  the  great  series  of  experiments  made  by  use  of 
double  floats  on  the  Mississippi  and  Irrawaddi,  we  are  face  to  face  with  a 

*  Thia  agreement  oonld  be  made  cloeer  for  tbe  open  obaanel,  bj  increasing  tbe  parameter  of  tbe 
parabola  a  little  more. 

VOL.    VI. — SECOND    SERIES.  M 
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strnnge  diversity  of  results ;  on  the  Irrawaddi  we  recognize  pretty  nearly 
the  parabola  of  the  European  streams,  so  long  as  the  velocities  do  not 
exceed  a  certain  limit ;  but  beyond  that  we  see  the  parabola  flattening  out 
more  and  more  low  down,  and  in  the  case  of  the  high  velocities  of  2 
metres  per  second  measured  in  the  deepest  part  of  the  stream,  all  curvature 
finally  disappears :  as  to  the  maximum  velocity,  it  is  commonly  at  the 
surface.  On  the  Mississippi  the  disagreement  of  the  results,  which  have 
almost  nothing  in  common  with  the  European  experiments,  is  more  strik- 
ing ;  the  value  of  the  parameter  is  much  less,  and  the  maximum  velocity 
is  always  much  below  the  surface. 

The  use  of  double  floats  would  certainly  have  the  effect  of  concealing 
the  decrease  of  velocity,  and  an  attempt  was  made  above  to  explain  how 
this  mode  of  experiment  might  even  be  completely  at  fault  in  the  deepest 
strata  of  a  rapid  stream.  However  it  must  be  admitted  that  these  expla- 
nations are  not  sufficient  to  account  for  the  disagreement  which  the 
American  experiments  show,  not  only  with  the  European  ones,  but  even 
among  each  other ;  in  fact  they  give  fur  a : 

Experiments  at  GarroUton  and  Bdton-Rouge,  low  water,  ...  *12  to  *16 

„         at  Carrollton,  high  water, ,  *80  to  *45 

„'        at  Colombas,      ...        ...        ...        ...        ...  '52 

„         at  Vicksborg, *10  to  '20 

May  not  this  discordance  be  partly  explained  by  the  fact  that  the  Tables 
from  which  Messrs.  Humphreys  and  Abbot  deduce  the  equations  of  their 
parabolas,  include  in  their  means  a  medley  of  too  heterogeneous  data  ? 

The  89  verticals  on  which  work  was  done  at  Carrollton  and  Baton 
Rouge  belong  to  five  distinct  sections ;  as  to  the  experiments  at  Columbus 
which  give  a  s=  *52  they  were  certainly  made  at  one  section,  but  they 
correspond  to  such  different  states  of  the  river,  that  the  velocities  varied 
there  from  *€  m^tre  to  more  than  2  metres  per  second.  By  grouping  such 
dissimilar  elements  into  one  mean,  there  is  a  likelihood  of  introducing 
some  confusion  into  the  results,  and  especially  of  rendering  the  position 
of  the  maximum  velocity  very  uncertain. 

The  Irrawaddi  experiments — by  their  great  number  and  regular  arrange- 
ment at  a  single  section,  are  much  better  adapted  to  a  systematic  classifi- 
cation, and  admit  of  groups  being  formed  including  only  perfectly  compar- 
able data ;  they  form  on  the  other  hand  a  sort  of  link  between  the  European 
experiments  with  which  they  agree  in  many  points,  and  those  of  Messrs. 
Humphreys  and  Abbot ;  but  though  they  bhow  like  the  latter  the  marks 
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of  the  procednre  followed  in  velocity-measnrement,  they  do  not  neverthe- 
less leare  any  uncertainty  in  the  position  of  the  maximum  which  they 
place  near  the  surface. 

The  results  obtained  by  Mr.  Gordon  disagree  on  yet  another  import- 
ant point  with  those  of  the  American  experimenters ;  now  Messrs.  Hum- 
phreys and  Abbot  make  the  coefficient  A  =  RI  -f-  U'  depend  almost 
exclusively  on  the  slope  I ;  their  formula,  according  to  which  A  would 
increase  and  decrease  with  I  without  being  sensibly  influenced  by  the 
change  of  hydraulic  mean  depth  R,  leads  in  the  case  of  slight  slopes  to 
values  of  A  much  less  than  those  hitherto  received.  Mr.  Gordon  found 
on  the  Irrawaddi  in  flood  at  Sai'ktha  values  of  A  comprised — as  on  the 
European  rivers — between  '0003  and  '0004,  and  he  has  further  shown 
that  for  small  values  of  K,  A  increased  gradually  as  R  decreased,  al- 
though the  slope  itself  decreased  considerably,  a  result  agreeing  with  the 
European  experiments  and  quite  opposed  to  the  Mississippi  ones. 

I  shall  conclude  by  showing  by  some  numerical  comparisons  in  what 
proportions  the  formulas  to  which  I  have  been  led,  make  the  velocities 
vary  ultimately  on  one  vertical :  my  aim  was  to  show  that  the  parameter 
must  increase  with  A  and  o,  and  to  fnlfil  this  double  condition,  I  have 
thrown  the  equation  of  the  velocity-parabola  into  the  form 

u         u  ^\1  —  a/ 

The  mean  velocity  u  not  being  immediately  given  by  direct  observation 

like  y,  it  will  be  more  convenient  to  repine  the  ratios  -  by  -^,  as  was 

done  before  when  discussing  the  Irrawaddi  experiments ;  dividing  both 
sides  by  V  -^  u,  the  above  equation  becomes 


^    -  1  -    ^—=^ {X   -  0)2. 


-(!-«)• 


Again  by  (7) 


Let  us  apply  these  formulaa  to  some  of  the  experiments,  of  which  the 
elements  have  been  given  above,  without  however  returning  to  those  of  the 
Mississippi  and  Irrawaddi,  which  have  already  been  the  object  of  special 
discussion ;  the  latter  would  not  indeed  furnish  the  numerical  data  neces- 
sary to  the  comparison  now  proposed. 
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Fig^.  7,  8  ot  Plate  X.  exhibit  the  aboye  resnlts  according  to  the 
mode  of  graphic  representation  used  for  the  Irrawaddi  experiments.  The 
parabolic  theories  are  there  shown  by  the  continuous  curves  having  for 
abscissae  the  ratios,  v  -r-  V,  and  for  ordinates  the  depths  x ;  to  the  ex- 
perimental values  of  V  -^  y  correspond  the  isolated  points  which  do  not 
generally  differ  from  it  markedly. 

The  extreme  difference  of  the  velocities,  t.  6.,  the  difference  (V  —  v,) 
between  the  maximum  velocity  V  and  that  at  the  bed  (vj  varies  in  arti- 
ficial canals  from  ^  V  to  ^  Y,  and  increases  with  the  degree  of  roughness 
of  the  sides  :  this  should  be  remarked,  because  it  is'  to  the  resistance  of 

the  sides, — measured  by  the  coefficient  Va — ^that  the  unequal  distribu- 
tion of  yelocities  is  due.     In  natural  channels  this  difference  is  about  ^  V. 
The  experiment  on  the  Rhine  at  Basle  must  be  excepted :   there   are 
nnited  in  this  remarkable  experiment  a  large  section  and  a  high  slope, 
very  Tare  conditions  which  cannot  coexist  except  in  consequence  of  the 
unusual  resistance  of  the  bed  which  is  covered  with  large  boulders :  thus 
the  difference  of  velocities  is  here  seen  to  increase  and  reach  nearly  \  V. 
When  the  maximum  velocity  is  not  at  the  surface,  the  difference 
(y  —  vj  does  not  decrease,  and  the  parameter  becomes  necessarily  greater. 
This  increase  does  not  saggest  itself  so  naturally  to  the  imagination  as 
that  due  to  increase  of  resistance  in  the  sides ;  but  it  appears  very  clearly 
by  inspection  of  the  figure,  and  it  is  clear  that  we  cannot  arrive  at  a  re- 
presentation of  the  phenomena  under  the  hypothesis  of  constant  para- 
meter. 

DiJOK,  10th  February^  1876. 

Note  by  Translator. 

The  aothor  of  this  Paper  attribates  principally  to  experimental  error  (inherent  in 
the  use  of  the  **  Doable  Float")  the  great  depth  of  the  line  of  maximum  velocity  in 
some  of  the  Miasissippi  Experiments. 

To  the  translator  it  appears  on  the  contrary  that  the  depression  of  the  line  of 
maximum  velocity  is  an  excellent  proof  of  the  fair  correctness  of  the  results  from 
the  ^  Doable  Float," — when  due  care  is  taken  to  reduce  the  size  of  the  surface-float 
and  oonnectiixg  cord  to  minimum  dimensions— as  it  shows  that  the  sunken  Float  is 
able  to  control  the  movement  of  the  whole. 
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PACING  FOR  RACQUET  COURT  WALLS. 


By  Major  G.  Mbrewethbr,  R.E.,  Erec,  Engineer^  Bombay  Defences. 


Ik  1869,  a  Racqnet  Court  and  a  Fives  Conrt  were  bnilt,  back  to  back, 
in  the  Morley  Hall  (Soldiers'  Institnte)  Grounds  at  Colaba,  the  partition 
wall  between  them  forming  the  front  wall  of  each. 

This  wall  (like  the  side  and  back  walls)  was  faced  with  ordinary  lime 
plaster,  a  considerable  portion  of  which  very  soon  gave  way,  and  in  July 
1870,  an  estimate  having  been  called  for  by  Government,  was  submitted, 
provision  being  made  for  removing  the  facing  of  the  entire  Racqnet  Conrt, 
and  substituting  for  it  finely  dressed  cut-stone  ;  and  at  the  same  time  an 
opinion  was  expressed  that  an  equally  durable  and  smooth  surface  might 
be  obtained  by  the  use  of  Portland  cement  properly  used. 

This  estimate  amounted  to  Rs.  16,246,  which  being  considered  too 
much  to  spend  on  the  work,  a  revised  estimate,  amounting  to  Rs.  2,289, 
was  submitted  in  December  1870. 

In  this  estimate,  provision  was  made  for  substituting  cut-stone  in  the 
front  wall  only,  and  merely  to  a  height  of  25  feet  from  the  floor,  or  over 
an  area  of  1,000  square  feet,  this  being  the  part  which  had  suffered. 

A  doubt  was  at  the  same  time  expressed  aa  to  whether  the  cut-stone 
would  be  a  success,  and  it  was  strongly  recommended  to  adopt  instead  of 
it  Portland  cement  plaster,  very  carefully  prepared,  and  applied  over  the 
same  area,  (the  lime  plaster  having  been  removed,  and  the  joints  in  the 
rubble  masonry  backing  carefully  raked  out^  so  as  to  afford  a  good  hold 
for  the  cement,)  and  it  was  pointed  out  that  it  would  cost  a  mere  trifle 
(estimated  at  Rs.  278)  compared  with  the  expenditure  on  cut-stoiie. 
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Anthority  to  try  Portland  cement  plaster  was  then  given,  and  in 
February  1871,  the  work  was  carried  out  according  to  the  following  di- 
rections, being  those  contained  in  the  general  description  of  the  estimate. 

**  Tlie  walls  of  the  Racquet  Court  are  now  plastered  with  ordinary  lime. 
The  lower  portion,  25  feet  high,  of  the  front  wall,  has  suffered  much  from 
the  blows  of  the  Racquet  balls,  and  in  some  places  the  plaster  has  peeled  ' 
off.  It  is  proposed  to  try  whether  by  using  Portland  cement  applied 
with  great  care,  a  better  result  may  not  be  attained,  at  a  cost  very  much 
less  than  that  of  cut-stone,  which  will  otherwise  probably  have  to  be 
used.  ^ 

**•  The  Portland  cement  to  be  that  of  Messrs.  Knight,  Bevan  and  Stnrge, 
or  of  the  Wouldham  Cement  Company,  strength  being  the  great  object, 
and  quick  setting  of  no  importance.  The  cement  to  be  thoroughly  mixed 
with  twice  its  quantity  by  measure,  of  clean,  sharp,  sweet  sand,  or  should 
sweet  river  sand  not  be  procurable,  sea  sand  carefully  washed  in  frebh 
water.  With  this,  hemp  in  the  proportion  of  1  tt>.  to  each  three  cubic  feet 
of  the  plaster,  and  cut  in  short  lengths,  to  be  mixed.  Bweet  water  only  to 
be  used  in  the  mixing,  llie  entire  surface  to  be  laid  on  in  one  day  to 
within  half  inch  of  the  intended  face,  to  be  then  thoroughly  consolidated  by 
means  of  the  thapki^  and  before  closing  the  work  for  the  night,  the  whole 
area  is  to  be  intersected  by  diagonal  lines  drawn  with  trowels  to  a  depth 
of  about  quarter  inch,  and  crossing  each  other  at  a  distance  of  about  two 
inches,  so  as  to  form  a  rough  surface  to  which  the  remainder  may  adhere. 
Then  on  the  following  day  the  xemaining  portion  of  the  plaster  to  be  ap- 
plied, and  then  consolidated  by  means  of  the  tkapki^  care  being  taken  to 
keep  it  as  nearly  in  one  vertical  plane  as  possible,  the  whole  being  finished 
off  on  the  same  day  with  a  very  thin  coating  of  plaster,  in  which  the  sand 
to  be  particularly  fine,  to  bring  the  whole  to  a  smooth  surface. " 

The  work,  the  cost  of  which  was  Rs.  280,  was  done  necessarily  at  the 
very  worst  time  of  year,  the  hot  weather  just  coming  on,  but  care  was 
taken  to  keep  the  work  moist  for  some  time  after  its  completion,  and  it 
has  been  a  great  success,  a  very  fair  facing  having  thus  been  provided, 
which  has  been  in  constant  use  ever  since ;  the  total  cost  of  repairs  to  the 
plaster  during  the  five  and  a  half  years,  having  been  Rs.  2-12-6  only, 
and  the  wall  being  now,  with  the  exception  of  one  small  place,  which 
requires  an  expenditure  of  abont  1  Re.,  apparently  nearly  as  good  as  when 
the  plaster  wau  first  applied  in  February  1871. 
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The  side  and  rear  walls,  and  the  remainder  of  the  front  wall,  are  still 
of  lime  plaster,  and  have  stood  well. 

It  is  thought  that  the  experience  thus  gained  may  perhaps  be  of  nse 
in  reducing  the  cost  of  Fives  or  Racquet  Courts  elsewhere. 

So  far  as  Fives  balls  are  concerned|  plaster  made  with  Bombay  lime 
and  properly  applied,  stands  their  blows  very  well,  but  this  may  not  be  so 
at  stations  where  the  lime  is  not  of  such  good  quality. 

G.  M. 

Bombay  Drfrncrs  Office,! 
er/iJtt/y,  1876.  J 
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No.  CCXIX. 

RIVER-TRAININQ  OF  THE  INDUS  AT  SHAH  JAMAL. 

[  Vide  PUtes  ZI.,  ZIL,  XIIL  and  XIV.] 


By  Qbipfin  W.  Vysb,  Esq,,  Assoc,  Inst.  C.E.,  P.R,O.S.,  ^c,  Exec. 
Engineer ^  Irrigation  Branch,  P.  W.  D. 


Thu  paper  treats  of  the  measures  which  were  adopted  in  the  year  1876| 
to  protect  the  right  bank  of  the  Biver  Indos  at  Bhah  Jam&l  in  the 
Tictnity  of  the  head  of  the  Dhondi  Canal,  by  diverting  the  main  stream 
into  a  new  channel.  As  the  measures  adopted  were  inezpensire,  and  at 
the  same  time  thoroughly  successful,  a  brief  record  of  the  operations 
may  prove  useful  to  the  members  of  the  Engineering  profession  in  this 
country,  in  which  similar  works  in  riyers  of  the  same  nature  as  the  Indus 
are  constantly  required  in  connection  with  bridges,  weirs,  canal  heads,  &o. 

Few  riyers  in  India,  or  perhaps  in  the  world,  have  more  yariable 
floods,  shifting  streams,  and  less  stable  channels,  than  the  Indus  in  its 
long  course  from  the  mountains  to  the  sea. 

There  is  no  single  reach  of  the  main  stream  of  thb  riyer  which  is 
straight  for  a  thousand  feet.  That  is  to  say,  if  its  banks  do  not  curye  and 
twist  eyery  two  or  three  hundred  feet,  its  stream  will  rebound  from  left 
bank  to  right  in  the  most  persistent  manner  possible ;  and  it  follows  this 
law  for  many  hundreds  of  miles  through  the  Bind  country.  What  is  yery 
noteworthy,  when  the  riyer  is  thus  acting,  is  the  yariable  way  in  which  it 
discards  the  silt  on  the  side  it  regurgitates,  erosion  and  retrogression  of 
leyel  going  on  where  it  impinges.  This  action  is  always  going  on,  and 
it  is  only  by  a  careful  study  of  ite  contortions  and  swaying  nature,  that 
the  Engineer  is  enabled,  by  using  the  yaluable  agency  of  its  silt  deposit, 
to  succeed  in  diyerting  the  main  body  of  the  Indus  as  has  been  done  at 
Shah  Jamd. 

yOL.    yi. — SECOND    SERIES.  N 
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That  great  hjdranlic  Engineer,  Frisi,  in  speaking  of  the  erosion  of 
riyers  of  the  natnre  of  the  Indns  says,  '*  if  a  stream  eren  when  enclosed 
"  between  parallel  banks,  begins  to  make  erosions  on  any  part  whether 
'*  becaase  the  ground  has  there  less  tenacity  and  consistence,  or  the  force 
''  of  the  water  is  there  increased  by  the  repercossions  of  the  parts  aboye, 
*'  it  will  be  the  points  and  angles  of  the  places  corroded  that  will  be  first 
"  OTerthrown,  becaase  those  parts  present  the  least  resistance,  and  there 
the  force  and  impetuosity  of  the  current  are  the  greatest."  Quglielmini 
has  treated  this  subject  at  great  length  in  his  sixth  chapter  on  the  '*  Nature 
of  Rivers." 

Thus  the  whole  erosion  will,  in  a  short  lime,  become  one  continued  cnrrOi 
and  the  thread  of  the  stream,— *(as  to  be  seen  in  all  Punjab  rivers,^)  flying 
off  from  this  side,  will  go  across  and  batter  the  opposite  shore ;  and  in  the 
constant  renewal  of  this  same  play,  when  an  erosion  has  been  made  on 
the  right  bank  of  the  rif er,  another  will  be  made  on  the  left,  and  then 
another  lower  down  on  the  right,  till  in  this  manner  the  whole  river  bank 
will  become  a  continuation  of  arcs  alternately  concave  and  convex,  and  as 
the  strength  of  the  stream  progressively  lessens  in  proportion  as  the 
angle  of  the  current  with  the  corroded  shore  becomes  more  acnte,  the 
obliquity  of  the  thread  of  the  stream,  impelled  and  repelled,  becoming 
greater  as  the  concavity  of  each  erosion  is  enlarged,  it  will  so  happen 
that  the  force  will  at  last  become  equal  to  the  resistance,  and  each  erosion 
will  hare  its  limit,  which  might  be  ascertained,  if  the  laws  of  the  force 
of  the  water  and  of  the  resistance  of  the  ground  were  known.  It  may 
in  general  be  asserted,  that  a  sandy  shore  wiU  yield  more  easily  than  one 
of  loam,  and  that  the  erosions  will  be  so  much  the  greater  as  the  current 
of  the  river  shall  strike  the  shore  more  directly. 

.  Hence  it  is,  that  in  some  places,  when  erosions  take  place.  Engineers 
are  accustomed  to  throw  back  the  embankmentSi  and  to  wait  until  the 
erosion  has  reached  its  limit.  In  other  places,  the  high  perpendicular 
corroded  bank  is  sloped  off  so  as  to  present  an  inclined  plane  to  the  stream 
wherever  it  attempts  to  undermine  it ;  but  in  most  cases  the  encroach- 
ments must  be  promptly  checked  and  their  progress  effectually  prevented. 
Various  defences,  on  a  large  and  small  scale,  have  been  invented  for  this 
purpose. 

The  bays,  so  common  along  the  soft  shores  of  the  Indus,  are  due  to  the 
action  of  whirlpools,  which  eat  terribly  into  banks,  scour  the  bed  and 
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diange  the  conne  of  the  river  &r  more  than  the  high  floods,  where  the 
river  impinges,  and  the  channel  is  at  all  confined  the  danger  is  considerably 
increased,  particularly  where  the  banks  are  baked,  and  broken  up  in  sec* 
tions  and  caked  from  the  fierce  heat,  when  great  masses  fall  oyer  with  a 
lend  report  into  the  river.  WMrlpooU  can  be  stopped  or  checked  by  tnm-^ 
ing-the  current  some  distance  above  their  influence.  In  some  cases  half  a 
mile  up  stream  is  not  too  far  off  to  commence  operations,  and  on  one 
occasion  we  had  to  work  a  mile  of  running  water  before  we  managed  to 
check  an  unusuaUy  powerful  whirlpool. 

Whirlpools  are  caused  by  retrogression  of  level,  backward,  or  under* 
ground  flow,  cross  or  double  currents  meetmg,  sometimes  by  a  sharp 
spur  jutting  out  into  the  stream  and  bringing  about  an  increased  velocity 
at  the  point  of  contact  with  the  main  stream.  The  sand  along  the  worst 
reach  of  Shah  Jam^l  was  of  a  very  friable  nature,  but  in  certun  sections  of 
the  higher  sand  embankments  on  the  Sheru  and  Muzuffergurh  ghat  side, 
where  the  whirlpools  were  continually  showing  themselves,  and  where  the 
erosion  had  been  most  actively  at  work,  the  accumulated  deposit  of  last 
year,  where  it  was  some  feet  in  depth,  was  unlike  the  other  sand  of  the 
opposite  shore  being  firm,  hard  and  compact.  Each  freshet  or  flood,  seemed 
to  have  brought  down  an  entirely  different  stratum  of  deposit— here  and 
there  were  intercepted  veins  of  clay,  varying  in  depth,  color  and  solidity, 
not  always  lying  parallel,  but  twisting,  curving  and  bending,  occasionally 
showing  sharp  dips  and  angles  from  the  other  lines,  but  all  finally  meeting 
towards  a  centre.  I  attribute  such  formation  to  the  action  of  whirlpools, 
which  have  gradually  spent  themselves  out.  I  need  hardly  say  that  to 
attempt  to  check  the  erosive  action  of  whirlpools  by  throwing  masses  of 
brushwood,  or  bags  of  stones,  or  weeds  into  the  middle  of  them,  is  utterly 
useless,  producing  no  good  results,  but  tends  to  increase  the  scour,  and 
the  power  of  the  whirl.  I  believe  small  ones  have  been  stopped  by  such 
means,  but  such  a  theory  does  not  hold  good  with  regard  to  the  larger 
ones,  and  in  some  cases  I  know  how  disastrous  have  been  the  results  in 
attempting  it.  , 

Famiano  Michelini,  in  his  "  Treatise  on  the  Direction  of  Rivers,"  is 
the  first  author  who  has  written  on  the  defences  that  might  be  opposed 
to  waters,  although  he  has  not  formed  a  correct  view  of  the  pressure, 
which,  even  in  stahding  waters,  arises  simply  from  the  depth.  Barratieri 
in  treating  of  spurs,  has  laid  down  no  rale8  on  the  mode  of  placing  them  ; 
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he  merely  takes  it  for  granted  that  they  onght  to  be  fixed  where  the  cor- 
roBion  is  the  deepest,  whereas  on  the  contrary,  it  is  easy  to  see,  that  one 
aught  to  begin  to  turn  off  the  current  at  the  very  edge  of  the  erosion^  and 
that  the  spnrs  fixed  lower  down  shoald  be  so  placed,  and  at  such  propor^ 
tional  distances f  that  they  might  mutually  support,  and  he  supported  by  each 
other.  Qnglielmini  and  Zendrini  hare  treated  this  snbject  more  thorooghly 
and  accurately. 

Bnt  the  science  of  hydraulics  may  be  said  to  be  still  in  its  infancy, 
and  no  precise  roles,  based  on  incontroyertible  theoiy  and  expressed  in 
perfect  mathematical  formulas,  can  guide  the  Engineer  in  determining  the 
position,  direction,  form,  and  dimensions  of  spurs,  or  other  oontrivanoea  for 
protecting  the  banks  and  guiding  the  currents  of  such  a  river  as  the  Indus. 

Seasoning  and  experience  however,  seem  to  show  that  the  most  ad* 
vantageous  direction  which  can  be  given  to  a  spur  is  that  in  which  it 
forms  with  the  down-stream  bank  an  angle  of  45^. 

The  following  descriptions  will  illustrate  the  successful  application  of 
this  theory,  and  the  use  of  such  simple  appliances  as  the  so-called 
'  Brownlow  weeds '  to  the  training  of  the  Indus  floods  at  Shah  Jam&l. 

The  Government  have  for  a  number  of  years  past,  devised  various  means 
to  keep  back  the  floods  of  the  Indus  from  inundating  the  surrounding 
districts,  by  throwing  up  massive  bunds  and  embankments,  some  distance 
back  from  the  sides  of  the  river.  These  have  answered  their  purpose 
fairly  enough  until  the  Indus  approached  them,  when  the  erosion  setting 
in  made  short  work  of  the  most  massive  of  earthworks,  and  swept  out 
everything  else  which  opposed  its  onward  and  erratic  course.  At  Shah 
Jam&l,  lines  and  lines  of  these  bunds  have  been  run  up,  one  behind 
another,  for  many  years  past,  only  to  be  carried  away  by  the  succeeding 
flood's  season,  (vide  Plates  XI.,  XIII.  and  XIV.)  At  one  point,  in  parti- 
cular, may  be  observed  the  multiplicity  of  bunds,  thrown  up  to  check  the 
Indus  from  pursuing  a  westerly  direction  and  towards  the  head  of  the 
Dhundi  canal.  The  end  of  the  great  embankment  of  1864  was  over  four 
miles  east  of  the  present  Dhundi  head.  In  1870,  an  addition  became 
necessary,  owing  to  the  erosion  eating  away  half  a  mile  in  that  direction, 
at  the  end.  This  was  followed  by  a  further  addition  of  embankment, 
directly  behind  it  in  1871 ;  and  running  in  a  direct  line  from  near  the 
Shah  Jamal  choki,  to  a  point  on  the  1870  bund.  The  1872  bund  was  run 
up  a  mile  behind  that  of  1871,  and  almost  parallel  to  it,  until  it  joined  the 
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Dhimdi  canal  head,— which  was  then  three  miles  from  its  present  month. 
A  Loop-line  followed  this  in  1874,  which  was  eaten  through  last  year. 
Some  aro  inclined  to  think  that  the  Dhnndi  canal  had  much  to  say  to  the 
indos  pursuing  this  westerly  direction,  it  having  dragged  the  stream  orer 
towards  its  head  and  encouraged  the  terrific  encroachment  along  this 
reach ;  but  I  am  not  in  fayor  of  this  opinion,  and  shall  give  my  reasons 
further  on,  merely  stating  now  that  the  Dhundi  canal  is  with  full  supply 
about  one  four  hundred  thousandth  of  the  discharge  of  the  Indus  at  this 
point ;  so  practically  it  can  be  of  little  moment  in  dealing  with  the  flood 
supply.  The  Dhundi  being  an  inundation  canal,  it  is  dry  during  the  winter 
months,  when  the  difference  would  be  still  more  marked  and  the  theory 
yet  more  untenable. 

The  massive  embankment  of  1875,  thrown  across  the  strip  of  land 
between  the  Nnr  and  Dhundi  canals,  was  placed  throe  miles  from  the 
rivers  edge.     It  was  constructed  like  the   others,  with  a  view  to 

hold  back  the  floods  of 

HLxs^  .^:^^  *'*^tSS!^i^'«'  Jtrntm  *^®  ^^^^^  ^™  inundat- 

ing that   portion  of  the 

district,  to  protect  villa- 
ges, lands,  and  a  groat  amount  of  property,  and  for  the  maintenance 
of  irrigation  operations.  With  the  Nur  and  Dhundi  flank  bunds,  this 
embankment  contained  nearly  eleven  millions  of  cubic  feet  of  earthwork, 
and  was  completed  by  me  in  less  than  two  months'  time,  and  in  the 
usual  local  manner,  peculiar  to  this  part  of  India,  viz.,  by  the  scoop 
drawn  by  a  pair  of  bullocks.  To  load  this,  the  driver  stands  on  the 
^nt  edge,  the  bullocks  are  driven  on,  when  the  tray  buries  itself  in 
the  earth,  the  man  then  steps  off,  and  the  scoop  tray^  containing  the 
load  is  dragged  up  the  embankment,  a  string  fastened  to  the  tray  from 
behind  is  pulled,  when  the  load  is  tilted  up.  In  this  way  all  earthwork 
is  done  on  the  frontier.  But  important  as  this  bund  was  considered  at 
the  time  of  its  construction,  and  far  back  as  it  was  placed  from  the  action 
of  the  river,  it  soon  became  apparent  that  it  also  was  doomed  to  go,  and 
it  was  meroly  a  matter  of  lune  how  long  it  would  last;  for  the  Indus 
having  taken  a  dead  set  in  this  direction,  it  worked  out  a  tromendous 
gap,  facing  the  south  end  of  the  bund,  and  the  erosion  continued  most 
steadily  during  the  remainder  of  the  season.  Four  months  from  the  time 
of  completion  of  the  bund,  upwards  of  two  miles  of  rich  land  were  eaten 
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away  by  the  aerere  action  of  the  main  stream,  which  was  within  a  few 
hondred  feet  of  the  said  1875  embankment;  when  steps  were  taken  to 
eheck  the  erosion  along  a  very  remarkably  sharp  bend  the  riyer  took,  &c« 
log  the  sonth-east  side  of  the  Big  Bond.  The  annexed  table  will  give 
the  erosion  measurements  at  one  or  two  important  points,  along  this 
reach,  daring  this  period.  .  I  hare  stated  that  this  cutting  away  of  the 
west  bank  of  the  main  stream  had  been  steadily  going  on  since  the  1864 
bnnd  was  thrown  ont  to  check  the  terrible  inroads  of  the  rirer,  in  the 
direction  of  the  Dhnndi  canal ;  that  the  bonds  which  had  been  erected 
since  then,  were  one  after  the  other  swept  away,  as  the  riyer  reached  them ; 
and  the  country  was  time  after  time  submerged  by  the  floods.  This  de* 
manded  the  serious  attention  of  the  authorities  for  saying  the  district 
The  salubrity  of  the  air  which  would  be  restored  by  properly  draining  the 
country  and  keeping  the  Indus  within  its  restricted  channels,  is  certainly 
not  the  least  important  point  to  be  considered  by  the  Goyemmentb  The 
adyisability  of  meeting  the  danger,  at  the  yery  base  of  operations,  was  a 
matter  that  was  carefully  considered  by  the  Canal  Officers ;  and  I  drew  up 
a  project  about  the  middle  of  last  year  for  a  breakwater,  which  should 
run  out  and  meet  the  main  stream,  along  the  low  waste  sandy  bed  of  the 
riyer,  by  means  of  an  embankment  well  protected  at  the  extreme  end  by 
concrete  blocks  along  the  foot  of  slope ;  fiMsed  by  dry  stone  pitching  on  all 
exposed  slopes;  the  whole  held  by  strong  25  feet  piles  to  keep  the  blocks 
together ;  these  piles  to  be  fastened  to  each  other  by  strong  wire  interlaced 
from  top  to  bottom,  in  case  undermining  or  unequal  settlement  should 
take  place,  or  any  part  of  the  base  giye  way.  This  project,  howeyer^ 
was  slightly  altered,  and  after  trying  many  experiments  with  yarious  kinds 
of  floating  breakwaters,  spurs,  and  barrier  works,  to  check  the  yelocity, 
and  thereby  cause  silt  to  deposit,— orders  were  giyen  to  defend  the  sharp 
bend,  already  alluded  to,  from  further  erosion,  by  means  of  '  Brownlow 
weeds,'  thrown  out  to  meet  the  main  current  and  to  act  as  spurs.  These 
performed  their  work  exceedingly  well,  and  additions  were  subsequently 
made  to  them,  so  that  in  time  the  stream  was  forced  away  from  the  west 
bank,  into  near  mid-channel,  although  this  part  of  the  riyer  had  by  this 
time  formed  a  semi-circular  ben4  with  a  radius  of  about  a  mile.  It  will  be 
obsenred  by  the  suryey  taken  on  the  21st  April,  {Plate  XL,)  that  before 
the  stream  swept  round  this  sharp  curye,  it  underwent  yery  extraordi-. 
nary  action,  forming  in  its  conrse  almost  a  double  S ;  in  fact,  for  some 
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distance  abore  this  point,  the  yiolence  and  changes  of  the  Indas  have 
neyer  been  known  to  occar  within  snch  a  short  time.  It  will  be  adyisa- 
ble,  for  conyenience  sake,  to  nnmber  and  letter  these  sections  of  the 
lirer  as  follows :— Beach  aboye  jnnction  with  Larkiwalla  creek,  Al.  Below 
Larkiwalla  creek  to  Vs  creek,  B2.  From  Y's  creek  to  Tiger  Island, 
C8.  From  month  of  Y's  creek  down  channel  to  opposite  band  of  1872, 
and  Loop-line,  D4.  The  sharp  bend  from  this  point  ronnd  by  head  of 
Dhondi  Canal,  £5. 

After  the  floods  were  oyer  last  year,  a  narrow,  shallow  creek,  was 
discorered,  which  was  newly  formed,  and  which  connected  the  horse-shoe 
shape  of  the  riyer  from  a  point  near  the  Shem  and  Mazoffergnrh  gh&ts 
to  the  old  Lnndi  gh&t.  This  creek  is  known  as  Vs  creek,  and  measured 
about  six  miles  in  a  direct  line. 

The  idea  occurred  to  me  to  diyert  the  main  riyer  of  the  Indus  down 
this  channel,  and— 'by  means  of  certain  works  (which  I  shall  hereafter 
describe)  placed  across  the  riyer  at  the  head  of  this  creek  when  at  its 
minimTim  supply — to  dam  the  stream,  so  as  to  force  more  water  down 
the  channel.  It  would  from  the  nature  of  the  right  bank  eat  its  own 
way  through,  and  as  the  draw  would  necessarily  be  so  much  greater 
direct  than  all  round,  the  main  stream,  with  a  little  encouragement,  would 
erentually  on  the  rirer  rising  take  the  shorter  and  more  natural  course* 
Both  Mr.  Garbett  and  Mr.  I?ens  supported  my  yiews  in  this  matter, 
and  allowed  me  to  carry  out  my  project,  and  with  their  professional  advice, 
I  accomplished  the  whole  undertaking,  and  forced  the  stream  away  on  to 
tiie  other  side,  in  a  yery  satisfactory  manner. 

I  shall  now  proceed  to  describe  the  method  of  carrying  out  the  diyersion 
and  defence  works.  The  creek  ran  dry  early  in  December,  but  by  clearing 
oat  the  accumulated  silt  at  the  head,  the  channel  was  re-opened,  and  800 
cubic  feet  per  second  passed  down :  by  cutting  the  sharp  neck  through,  the 
Tolume  of  water  was  increased  to  1,000  cubic  feet  per  second.  The  creek 
was  further  straightened,  and  a  strong  500  feet  catch-barrier  thrown  out, 
across  the  main  stream  below  the  mouth,  which  caught  more  water  and 
forced  it  down  the  channel.  By  means  of  hand  dredging  at  the  bar-head, 
500  coolies  increased  the  yolume  in  two  days  to  2,200  cubic  feet  per 
second,  although  the  riyer  did  not  rise  a  fraction.  From  the  peculiar 
formation  of  creeks  of  this  sort,  taking  off  abruptly  from  the  main  stream, 
there  is  always  a  tendency  to  silt  across  the  bar-head,  and  at  the  tail,  and 
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it  ia  only  by  clearing  this  constantly  away  that  snch  channels  can  be  kept 
open.  The  natnre  of  the  staff  through  which  this  creek  passed  was  stift 
day  on  the  east  or  left  side.  The  banks  were  high  for  this  part  of  the 
Indus,  and  thick  impenetrable  tree  and  other  jangle  lined  the  east  shore. 
The  bottom,  entire  bed,  and  right  side  of  the  channel  were  of  an  allnviom 
deposit— soft  and  qaick,  and  low  friable  sand  banks  oorered  the  space 
between  the  waters.  "At  only  one  place,  known  as  Tiffin  Point,  were  the 
banks  of  any  elevation,  and  this  point  jotted  prominently  out  and  met 
the  main  stream. 

It  was  here  that  I  succeeded  in  placing  auxiliary  barriers  in  such  a 
position,  that  with  the  action  of  the  main  current  they  were  directed  to 
catch,  scour,  and  help  the  riyer  in  its  work  of  eroding  and  cutting  out  a 
greater  mouth  at  the  head.  The  bank  being  friable  sand,  the  work  was 
accomplished  with  comparatively  little  labor.  A  small  channel  was  sub- 
sequently cut  across  the  narrow  neck  facing  Tiger  Island,  and  a  freshet 
coming  down  about  this  time,  a  vast  quantity  of  water  was  forced  to 
take  this  course,  the  consequence  was  from  a  small  channel  10  feet  wide, 
it  became  in  a  single  week  80  feet  at  the  bed,  with  a  tremendous  draw 
down  it  and  a  velocity  of  six  feet  per  second—the  sandy  sides  fell  in,  and 
before  the  end  of  March,  all  the  smaller  streams  joined  here  and  became 
one  channel,  with  a  minimum  width  of  400  feet,  (now  8,500  feet): 
the  discharge  at  the  end  of  March  was  calculated  at  something  over 
7,000  cubic  feet  per  second,  or  about  one-fifth  of  the  whole  volume  of 
the  Indus  at  that  particular  time  of  the  year. 

The  tendency  of  the  river  at  Al  was  evidently  to  pursue  a  straighter 
course  in  the  direction  of  the  Loop-line,  and  the  erosion  was  actively 
at  work  when  measures  were  taken  to  stop  it.  The  sand  banks  on  the 
right  of  the  stream  were  very  low,  and  being  only  about  2  feet  above  the 
water  line,  were  easily  eaten  away  by  the  current,  which  set  in  along  this 
reach.  Very  remarkable  changes  took  place  here  during  March.  The 
main  stream  was  continually  changing  its  course,  and  on  the  12th 
it  cut  out  800  feet  in  24  hours,  and  passed  through  200  feet  of  the 
advance  flank.  The  main  defence  line  of  barriers  was  undermined, 
and  fell  over  into  the  river.  The  current  for  some  days  was  working 
into  the  soft  sand,  and  doing  very  serious  injury  to  our  defence  works ; 
when  I  constructed  an  auxiliary  flank  higher  up  at  the  junction  of 
the  Larkiwalla  creek  tail  and  main  stream.    The  piles  were  worked 
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8  feet  into  the  sand,  and  stood  out  12  feet  above  the  bnnk,  the  whole  trera 
sIroDgl;  iaterlaced  in  the  aenal  maimer  vith  Ui  brnshwood  (tee  fignres) 
crosfl  bars,  enpporte, 
ud  conn ter- >ap  ports 
vera    added  to    the 
line,  which  extended  ^^»___^ 
900    feet    from    the 
bead,   and  eo  placed 
*8  to  throw  off  tbe 
itream,  on  the  river 
rising    over  this  low 
bank  in  this  diiection. 

To  help  this  barrier  ,  ,   . 

«ork,afloatingbreak-  i   '.' 

water  of  stacks  of  jangle,  vide 
PlaU  XII.,  wen  thrown  oal  || 

from  the  end  of  this  point  into  I 

the  stream,  and  messnred  500 
feet  in  length;  others  of  greater  ^ 
rise  were   added   lower  down, 
■nd  when  the  velocity  was  dimi-  ^'''^ 

niihed,  the  mun  line  barrier  was  repured  and  considerably  strengthen- 
ed. This  main  line  measnred  over  8,000  feet.  The  epnrs,  shoots, 
auxiliary  barriers,  and  flanks,  placed  in  snch  a  manner  as  to  tnm  the  river 
away  from  this  point,  aggregated  2,000  feet  Three  different  times  were 
the  works  swept  away  at  the  end,  simply  by  nndarmining,  bat  the  mas- 
nre  floating  breakwaters  from  above,  decreased  the  velocity  along  this 
Ttach,  thereby  collecting  enongh  silt  to  work  on,  and  so  I  advanced  bit 
by  bit  with  the  strongest  barriers  into  the  current,  and  obtained  in  time 
a  good  position.  The  floating  breakwaters  were  always  so  placed  as  to 
help  the  general  working  along  this  dangeroas  shore,  I  cannot  speak 
too  highly  of  these  simple  contrivances  of  floating  breakwaters  composed 
entirely  of  stacks  of  fascines  and  jangle.  The  resalts  obtained  were 
truly  marvellons,  and  achieved  even  greater  things  than  those  tried  at 
tiie  end  of  the  1872  bond  daring  last  season. 

Some  of  these  breakwaters  were  4,000  feet  long.    The  main  cable 
nteaenred  one  foot  in  circnmference.    Attached  to  the  main  cable  were 
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snpports  from  the  shore  at  every  hundred  feet  or  so — if  the  shore  was  not 
safe,  they  were  held  by  anchors  at  suitable  distances,  {vide  Plate  XII.)  The 
stacks  of  jungle  were  about  20  feet  long  and  10  feet  in  diameter,  they 
were  held  by  four-inch  rope.  If  that  was  not  strong  enough  it  was  doubled. 
The  stacks  were  thrown  over  at  every  20  or  30  feet.  In  some  places  a 
dozen  stacks  have  been  thrown  over  in  one  place.  They  should  not  be  used 
sparingly,  and  they  do  no  good  until  the  velocity  of  the  stream  is  dtcreased 
to  two  feet  per  second,  when  silt  accumulates  and  the  result  is  obtained. 
Brownlow's  weeds  (which  are  fascines  held  by  an  anchor  (A),  and  snp- 


Brownlaw  Weeds.' 


A,  A.   Anchors,  (^trangars,  20  mds,  stone.) 

B,  B.    FtoaU^  (empty  casks,) 

C,  D.    8"  main  cable,  (mUnj  rope.) 

ported  by  a  barrel  (B)  which  floats)  should  never  exceed  twice  the  depth 


WmiMtT  JubtJSi  IT^  VlMd/. 


A.Ajukor. 


of  the  water.  If  longer,  the 
rope  with  the  fascines  will  sink, 
and  forms  a  parabolic  curve, 
when  it  only  does  half  its  work. 
It  does  not  matter  if  the  cask 

DepthWrheinghleytho/yeed'^CAtoB)    sinks  a  foot  or  so  below  the  sur- 
to  he  2,  distance  apart  (B  to  B)  5  feet.  C  to  be 
well  defended.  face,  the  work  of  silting  is  going 

on  more  rapidly  from  the  bottom.  It  is  a  mistake  to  suppose  these  weeds 
are  any  good  when  20  and  30  feet  apart.  They  are  utterly  useless  unless 
together  in  a  clump.  Sometimes  to  check  the  velocity,  I  have  had  three 
and  four  directly  behind  each  other :  it  should  be  borne  in  mind  that  'unity  is 
strength.'  The  revolving  casks  are  expensive.  The  weed  should  be  so  con- 
structed that  the  cask  should  be  just  submerged,  it  will  then  work  perfectly. 
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The  main  current  crossed  over  from  opposite  Larkiwalla  creek  and 
turned  sharp  round  from  the  barriers  and  breakwaters  just  noticed,  back  in 
the  directions  of  Vs  creek,  forming  in  a  short  distance  of  5,000  feet  a 
complete  S  curve,  and  rebounding  from  shore  to  shore,  one* current  run- 
ning parallel  to  the  other  in  just  the  opposite  direction  on  its  return. 
The  draw  down  y*s  channel  became  verj  great,  and  I  seized  the 
opportunity  of  placing  100  of  Brownlow's  weeds  close  up  under  the 
current,  and  across  the  main  stream  on  the  right  side  of  the  river — 
double  lines  of  weeds  were  adjusted,  and  strong  barriers  thrown  out  to 
check  and  retard  the  river  from  passing  down  its  old  course.  The  main 
stream  had  actnallj  eaten  into  the  head  of  the  channel,  but  rebounded 
sharp  back.  The  erosion  became  very  great  to  the  left  of  this  point, 
and  2,500  feet  of  the  soft  low  sand  banks  were  eaten  out  in  a  single 
day.  This  very  much  helped  the  work  of  scouring  out  and  enlarging, 
and  the  channel,  which  afforded  the  only  means  of  escape  for  the 
backed  tip  water,  became  each  day  larger  as  the  sides  were  eroded  and  fell 
in.  Tiffin  Point  went,  and  the  temporary  barriers  were  instantly  remov- 
ed. The  line  of  Brownlow's  weeds  had  now  to  be  altered  to  some  point 
lower  down — the  ropes  were  cut,  casks  removed,  and  the  old  weeds  sunk. 
The  second  plan  which  was  surveyed  on  the  27th  May,  {vide  Plate  XIIL,) 
will  show  that  the  thread  of  the  stream  became  more  direct,  and  from 
the  sharp  and  unnatural  bends  in  the  river  from  reach  A I  above  Larki- 
walla creek,  the  whole  current  swung  round,  quite  half  passing  down  Y 's 
channel  y  the  remaining  following  its  old  course.  It  was  not  until  the 
new  line  of  weeds  had  been  readjusted  and  placed  about  45^  with  the 
original  channel,  that  the  Indus  was  finally  checked,  and  the  entire  river 
left  its  old  course.  In  May,  this  became  an  established  fact;  for  the  Indus 
once  tamed  off,  the  old  bed  began  rapidly  to  silt  up.  The  following  is 
a  list  (page  100)  of  the  depths  and  soundings  taken  from  end  of  the  1872 
bund,  And  in  a  direct  line  with  it  across  to  the  other  side.  Its  gradual 
silting  up  in  so  short  a  time  is  worthy  of  remark. 

The  contortions  of  the  river  in  reaches  D4  and  E5  early  in  April, 
bounding  and  rebounding  from  one  side  to  the  other  in  sharp  curves, 
resulted  in  eroding  a  very  large  bay  below  the  Loop-line  bund.  The 
action  of  the  current  was  very  severe  here,  and  a  series  of  eddies  and 
whirlpools  did  great  damage  to  the  west  bank.  A  considerable  number 
of  Brownlow's  weeds  were  thrown  out  (as  shown  in  Plate  XI.)  which 
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Soundings  across  Indus  from  end  of  1872  bund  to  left  or  east  hank. 
Deduced  to  one  level  for  comparison.    Observed  by  0.  W.  Vyse. 


DiBtanoe 
infeeL 


BOUNDIHOB  TAKEN  ON 


0 
100 
SOO 
900 
400 
600 
600 
700 
800 
900 

1,000 
JOG 
200 
300 
400 
600 
600 
700 
800 
900 

2,000 
100 
200 
800 
400 
600 
600 

<  700 
800 
900 

8,000 
100 
200 
800 
400 
500 
600 
700 
800 
900 

4.000 
JOO 
200 
300 
400 
600 
600 
700 
800 
900 

6,(»00 
100 
200 
8<K> 
400 
440 
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18 
IS 
II 
6 
4 
4 
8 
2 
6 
6 
8 
0 
10 
10 
10 
11 
9 
8 
8 
7 
8 
8 
6 
6 
6 
6 
6 
• 
6 
6 
6 
7 
7 
7 
8 
8 
8 
8 
9 

10 
II 
II 
12 
18 
14 

14 
16 
17 
16 
17 
18 
18 
10 
4 
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16tli  May. 


80th  May. 


16th  Jnne. 


Bemnrka. 


0 
0 


5 
8 
8 

8 
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0 
8 
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Brought  down  to  one  lerol;  foil 
feet  taken,  the  neerait  decimiila  to 
the  foot  ihown. 


eee 
••• 
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All  this  mad  and  dnsh  depodi 
many  feet  deep.  Bach  flood  and 
freehet  added  to  the  height.  The 
only  water  which  penes  over  this 
is  surplus  overflow  from  creeka  and 
ohannels  west. 
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At  200  there  was  running 
brought  down  from  Nur  creek. 


Surplus  orerflow,  from  creeks 
and  channel.  This  water  supplies 
the  rthundl  canal. 
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Tlie  surveys  of  tho  river,  I  made  at  the  most  eventful  times,  and  when^ 
the  changes  will  show  most,  viz.,  on  the  21st  April,  27th  May  and  17th  I  ^ 
June,  (Ptoea  XI.,  XIII.  and  XIV.)    The  lines  of  works  showing  general  1  " 
arrangement,  the  various  currents  of  the  main  stream,  erosion  lines,  and 
diversion  enlargements,  bunds,  defence  and  protective  works,  barriers, 
weeds  and  flanks,  are  all  shown.    The  sheet  of  water  between  the  1864  bond 
and  the  Y  creek,  and  again  in  the  old  channel  opposite  the  Dhundi  canal, 
will  be  an  enormous  area  when  the  river  is  in  flood,  but  its  velocity  is  ra- 
pidly decreasing  thereby,  showing  that  silt  is  fast  accumulating  and  depo- 
siting very  evenly — it  can  only  be  a  matter  of  time  when  the  whole  will  silt      | 
up  and  become  reclaimed  land  again.     The  barriers  and  floating  break- 
waters are  considerably  strengthened  since  the  floods,  as  the  de6m  is  a 
vast  field  above  and  below  the  defence  and  flank  works,  which  if  properly       | 
guarded  at  the  head,  nothing  can  destroy  or  sweep  out.     If  the  scour 
increases  in  the  reaches  B2,  Gd,  it  may  be  found  necessary  to  throw  off  the 
current  by  means  of  a  new  line  of  weeds,  but  at  such  a  time  the  utmost 
caution  should  be  exercised  in  using  weed  spurs. 

The  protective  works  are  secure  beyond  a  doubt  for  the  remainder 
of  the  season,  but  at  the  same  time  they  should  be  carefully  guarded  and  ^ 

watched. 

The  river  has  now  been  forced  over  on  to  the  extreme  east  bank,  and  it 
is  possible  this  change  may  influence  its  course  and  action  for  a  consider- 
able distance  about  the  Sheru  and  Muzuffergurh  ghat  reach.  I  am  in- 
clined to  think  it  may  seriously  effect  the  scouring  out  of  the  Larkiwalla 
creek  in  the  course  of  time,  and  from  observations  and  notes  taken,  the 
tendency  certainly  appears  for  it  to  do  so.  i 

I  think  I  have  shown  the  use  of  these  floating  breakwaters,  barriers  and 
weeds,  and  how  they  can  be  worked  in  protecting  the  encroachment  of 
the  Indus,  and  how  they  can  be  placed  when  the  river  is  in  a  low  state,  to  '  C 

change  and  divert  its  course  back  to  its  old  channel,  or  check  the  severe 
erosions  which  are  continually  going  on.  The  whole  theory  being  that  one  s 

ought  to  ivam  off  the  current  at  the  very  edge  of  the  erosion,  and  that  the 
spurs  and  weeds  fixed  lower  down  should  be  so  placed,  and  at  such  pro- 
portioned  distances,  that  they  might  mutually  support  and  be  supported  by 
each  other,  care  being  taken  that  the  flanks  are  secure,  otherwise  in  all 
schemes  of  this  description  of  defence,  unless  the  impossibility  of  a  breach 
is  demonstrated,  the  remedy  proposed  is  worse  than  the  existing  evil. 


\ 
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I  have  said  nothing  about  the  various  estimates  drawn  up  at  different 
times  for  the  protective  and  defence  works  of  the  river  at  Shah  Jamal, 
because  I  think  they  would  prove  of  little  interest  or  value  to  any  one 
not  working  in  this  particular  locality.  I  had  been  very  fortunate  at  first 
in  having  ample  brushwood  and  stakes  growing  within  the  immediate 
vicinity  ot  the  works,  and  on  lands  of  the  villagers,  who  were  only  too 
glad  to  have  the  same  removed,  in  order  to  clear  their  grounds  for  crops. 
The  cost  has  therefore  been  comparatively  small  as  compared  with  other 
places,  as  I  utilized  all  the  material  at  hand  before  I  touched  the  Govern- 
ment rakhs.  On  the  east  or  left  bank  of  the  Indus  stands  a  vast  im- 
penetrable jungle,  belonging  to  the  Forest  Department.  This  rakh  was 
very  handy  for  the  work  on  that  side,  and  I  was  greatly  indebted  to  the 
co-operation  and  assistance  of  the  Forest  Officer.  I  had  the  good  for- 
tune to  have  good  brushwood,  wattle  and  timber  for  all  purposes  growing 
along  this  shore,  for  the  diversion  works. 

The  stone  for  anchors  were  boulders  of  great  size  and  weight,  brought 
by  camels  from  the  neighbouring  fielooch  hill^  about  60  miles  off.  The 
Deputy  Commissioner  and  Lagari  Chiefs  helped  me  in  getting  1,000  camels, 
and  it  was  through  their  exertions,  I  was  able  to  perfom  this  part  of  my 
task. 

The  large  cable  munj  ropes  were  manufactured  at  Muzuffergurh  and 
at  the  jails  of  Dera  Ghdzi  Khan  and  Dera  Ismail  Khan.  The  smaller 
ropes  were  made  on  the  spot,  or  bought  at  the  neighbouring  towns. 

I  did  as  much  of  the  barrier  work  as  I  could  by  contract,  at  from 
Bs.  10  to  Rs.  14  per  100  running  feet.  Staking,  piling,  bracing,  &c., 
were  also  given  out  by  contract,  from  six  pie  to  an  anna  and  a  half 
per  stake.  The  higher  rate  was  given  if  they  worked  in  water.  I  esti- 
mated '' Brownlow  weeds"  at  Rs.  13  each  complete,  but  I  found  they 
did  not  cost  Rs.  8  on  an  average.  Sloping  the  sides  of  the  embank- 
ment where  excessive  erosion  was  at  work,  cost  Rs.  1-4  per  1,000  cubic 
feet.  Coolies  employed  in  opening  out  the  head  of  the  creek,  and  re- 
moving the  bars  of  silt  across  the  mouths  and  otherwise  engaged  in 
*'  hand  dredging,"  received  2  annas  and  3  annas  per  day.  Occasionally 
I  got  the  Beloochees  to  take  these  jobs  by  task  work,  and  then  it  was 
executed  at  a  very  trifling  cost,  and  in  a  remarkably  short  time.  When 
breaches  occurred  in  any  flanks,  the  best  plan  was  to  muster  sufficient 
men  in  a  body  and  make  them  stand  together,  packed  in  a  mass.    A 
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The  works  I  haye  been  allading  to  came  well  under  the  following  sub* 
heads:— 

BfV  A  P 

Breakwaten,  aggregating  20,000  feet  lineal  feet,  in  length,  ..  4,700  o'  0 

Barrien,  aggregating  18,000  feet,  lineal  feet,          ..            ..  1,560  0  0 

Bojaltj,          ..            ..            ..            ..            ..            ,.  400  0  0 

4,600,000  cabic  feet  earthwork  and  hand  dredgbg,  at  Be.  1  all 

round,         .,            ..            ..            ..            ..            ,.  4,600  0  0 

Additional  fascine  Vork,            ..            ••            ..            ..  780  0  0 

Weeds,  apnrs,  &c.,  &c,               ..            .,            ..            ..  8,000  0  0 

Total,  ..15,040    0    0 

Bat  I  quite  agree  with  Major  Thorold,  B.E.|  when  he  says  in  speaking 
of  snch  estimates — "  Working  against  such  a  great  and  varying  force  as 
the  Birer  Indus,  and  with  banks  of  snch  a  fragile  material  as  loose  sand, 
it  is  impossible  to  estimate  exactly  what  the  cost  will  be/'  The  locality, 
time  of  the  year,  and  the  labor  market,  greatly  influence  the  expenditure 
on  such  works. 

The  result  of  the  1875-76  work  at  Shah  JamA  has  been  diverting  the 
Biver  Indus,  sending  it  well  oyer  to  the  other  side  of  our  works,  saving 
our  canals,  inundation  bands  and  headworks, — saving  two  miles  of  en- 
croachment, and  reclaiming  over  six  square  miles  of  rich  arable  land,— - 
such  has  been  the  result,  which  has  saved  GoTomment  over  five  lakhs  of 
rupees. 

With  Mr.  Bayne's  permission,  I  inspected  the  training  works  of  the 
Biver  Sutlej  at  Adamwahan,  in  company  with  Mr.  Medley,  the  Engineer 
directly  in  charge  of  the  same,  who  most  kindly  showed  me  everything 
worth  seeing,  and  the  able  reports  drawn  up  by  Colonel  Peile,  and  other 
Engineers.  These  works  have  been  on  a  very  extensive  scale,  and  cost 
about  Bs.  4,00,000  in  three  years.  Colonel  Peile  appears  to  be  in  favor 
of  barriers  of  stonework ;  the  necessity,  however,  for  these  is  question- 
able in  a  river  like  the  Sutlej,  whose  waters  are  charged  with  such  a  vast 
amount  of  silt  and  debris  as  to  make  it  the  most  invaluable  agency  if 
properly  turned  to  account.  It  appears  also  to  me  that  too  much  is 
demanded  of  one,  or  at  the  most  two  advanced  spurs,  to  check  the  direct 
action  of  the  main  current.  Where  spurs  or  weeds  have  no  supports, 
above  or  below  them,  and  where  due  regard  is  not  paid  to  the  direction 
of  the  flood  current,  they  are  liable  to  become  isolated,  and,  on  the  river 
rising,  to  be  broken  and  detached ;  if  breaches  once  occur  at  the  haunches, 
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and  proper  precantions  hare  not  been  taken  at  the  flanks,  the  whole  mns 
much  risk  of  soon  becoming  a  wreck. 

At  any  rate,  I  think  it  will  be  admitted,  that  the  past  season's  expe- 
rience on  the  Indus  at  Shah  Jamdl,  shows  how  much  can  be  effected  by 
the  far  less  costly  agency  of  fixed  barriers,  floating  breakwaters,  and 
'  weeds,'  constructed  of  rough  woodwork  and  gabions,  fascines,  or  mere 
bundles  of  brushwood :  and  that  the  cost  of  these  successful  protective 
works,  as  above  described,  will  compare  favorably  with  that  of  works  ex- 
ecuted elsewhere  with  a  similar  object. 

G.  W.  Y. 
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MONOLITHIC  FLAT  ROOFS  OF  CONCRETE. 

r  Vide  Plates  XV,  and  XVL] 


Report  by  F.  Dejoux^  Esq.,  C.E.,  Exee.  Engineer^  Cement  Expert 
mente  Diviiion. 


Dated  the  26th  Auguit,  1978, 

The  following  report  deals  with  the  working  capabilities  of  lime  and 
cement  concretes  for  nse  in  floors  and  flat  roofs  without  any  support  other 
than  the  walls  of  buildings. 

Flat  roofs  of  concrete  for  spans  of  15  feet  have  been  very  successfully 
laid  in  France  by  Mr.  Coignet ;  the  concrete  used  was  either  pure  artifi- 
cial stone,  or  a  mixture  of  materials  used  in  the  fabrication  of  artificial 
stone  and  broken  pieces  of  stone  or  gravel.  As  I  was  one  of  the  Engi- 
neers of  Mr.  Coignet,  and  chiefly  in  charge  of  the  then  new  experiments 
tried  from  1863  to  1865,  many  such  roofings  were  constructed  under  my 
direct  supervision. 

The  following  is  an  extract  from  Mr.  CoigneVs  pamphlet,  published  in 
1865,  relating  to  the  subject: — 

"  Terraced  Hoofs:' 


u 


With  regard  to  terraced  roofs,  the  monolithism  and  resistance  of  agglomerated 
b6ton  (artificial  stone)  will  give  entirely  new  resolts  and  resistance  nntil  now  un- 
known in  architecture. 

''  If  small  spaces  of  12  or  15  feet  have  to  be  covered  in,  it  will  be  sufficient  to  lay 
on  the  walls  a  layer  of  artificial  stone  of  sufficient  thickness,  say  from  10  to  12  inches, 
which  will  form  a  roof  and  terrace  of  great  stability*  Should  large  spaces  have  to  be 
dealt  with  in  the  same  way,  a  system  of  some  double  girders  must  be  used,  crossed 
by  joists  at  a  distance  of  three  feet  from  one  another.    These  light  girders  are  fitted  in 
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the  artificial  stone  like  in  a  tight  case  of  hard  stone,  and  being  confined  at  all  parts  of 
their  surface  will  not  deflect,  bnt  act  rather  as  tension  bars.  Spaces  of  70  X  22  feet 
have  been  covered  in  this  manner.  A  flooring  of  this  kind  on  the  top  of  a  house, 
forms  a  perfectly  impermeable  terrace,  resisting  the  inclemencies  of  frost  and  heat 

"  We  have  therefore,  for  the  first  time,  attained  the  possibility  of  making  in  our 
damp  and  variable  climate,  roofs  and  terraces  perfectly  water-tight 

"Fbancoib  Coigkbt." 

Mr.  Goignet  was  always  of  opinion,  and  practical  experience  snbse- 
qaenUy  qnite  proved,  that  such  flat  roofs  on  obtaining  sufficient  hardness 
act  as  flat  slabs,  resting  on  the  walls  without  exerting  any  outward  thrust 
on  them. 

The  same  remarks  may  be  applied  to  the  arches  made  in  artificial  stone 
with  a  low  rise  varying  from  one-fifteenth  to  one-tenth.  I  made  some  of 
20  and  25  feet  span,  resting  like  a  beam  on  two  solid  walls  without  any 
buttresses. 

The  following  is  a  certificate  for  3,280  square  yards  of  vaults  which 

were  used  as  stable  floors  of  the  barracks  for  the  Municipal  Horse-guards 

in  Paris. 

"City  Paris. 

"  Architectural  works  of  the  5th  Arrondissement, 

Parity  8ih  Auffutt,  1865. 
**  The  Chief  Architect  of  the  barracks  and  Staff  qoarters  of  the  city,  certifies  that 
Messrs.  Coignet  and  Company,  Constructors  in  agglomerated  b6ton  (artificial  stone), 
have,  under  his  direction,  executed  the  following  work  for  the  City  of  Paris : — 

**  Low  roofed  arches  with  a  rise  of  one-tenth  and  17  feet  6  inches  span  (^vide  Plate  XV.) 
at  the  city  barracks  ;  these  have  undergone  numerous  experiments  to  try  their  resis- 
tance, and  we  have  had  every  reason  to  be  pleased  with  the  use  of  Coignet's  B^ton, 
in  the  celerity.of  execution,  as  well  as  for  the  appearance  and  solidity  of  the  work. 

**  This  work  has  fully  proved  that '  Coignet's  B^ton '  could  be  usefully  employed 
in  public  works,  and  decided  us  to  order  monolithie  flat  roofi,  which  will  bear  the 
same  loads  and  nndeigo  the  same  wear  as  ordinary  ones. 

"V.  Calliatt, 

«  Chief  ArMteet," 

P,8. — **  At  Mr.  Coignet's  request,  I  specify  the  following  experiments  made  to 
prove  the  resistance  of  the  vaults  :— 

**  1<^,— A  cube  weighing  29  tons  placed  as  a  pyramid  in  the  middle  of  a  vault 

17  feet  6  inches  span,  {vide  Plate  XV.) 
"  2iMf,— 108  cubic  feet  of  sand  (4^  tons)  on  a  base  of  10  square  feet 
"  8n/,— And  lastly,  the  passage  of  loaded  waggons  and  the  unloading  on  these 
vaults  of  stones  destined  for  the  building  of  the  walls.    All  of  which 
did  not  cause  the  least  crack  or  fracture. 

"  V.  Calliatt." 
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ThB  following  18    AN   ABSTRACT    RETURN  OF   THE   RiSE   AND   FaLL  OF 

THE  River  Ganges  during  1875. 

N.B^ — Zero  of  gauge  at  Benares  is  196'80  above  mean  sea  level,  O.  T.  S. 
datum  at  Mirzapur  is  210*50  above  mean  sea  level. 
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•  No  meaniratteiiti  taksn  on  Sxd,  ith  and  Ath  Angiut,  on  nooonnt  of  innndation  of  fbs  ilTer. 

E.  D. 
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A    DESIGN   FOR   THE   NEW   CANNING   COLLEGE, 

LUCKNOW. 

iFide  Plates  XVTL,  XVIIL  and  XIX.] 


Bt  Capt.  S.  S.  JacoBi  Assoc.  Inst.  C.E.,  Exec.  Engineer,  Jeypore 
State. 


Report, — As  desired,  this  building  has  been  designed  to  be  in  general 
keeping  with  the  architectural  features  of  the  Kaiser  B&gh  buildings. 

The  total  length  of  front  is  412  feet,  and  the  height  to  top  of  the  dome, 
not  including  finial,  is  110  feet,  and  the  total  depth  278  feet. 
The  accommodation  provided  is  as  follows  :^ 

Examination  Hall,        100'    X  68' 

Eight  class  rooms,  each,  • 88'     x  28' 

European  Professor's  Boom, 88^'  x  26^' 

Principal's,         ayerage    50'    x  22' 

Native  Professors,        Z%\'  X  26]^' 

Four  Bath  rooms,  each,  14'    x  12' 

OflSce, 88'    X  26' 

Library,  •••         ...         •..         •••         ...         •••     68^'  x  80^' 

Graduates'  Room,        88'    X  26' 

Entrance  Hall , 68'    X  80' 

Lobby,  under  Dome, 88'    x  88' 

A  reference  to  the  ground  plan  of  the  building  is  necessary,  in  order 
to  follow  the  general  description  beginning  at  the  top  of  the  plan. 

PrincipaTa  Room, — Average  length  50  feet,  width  22  feet,  height  24 

feet.    Beyond  the  Examination  Hall  to  which  it  has  immediate  access. 

It  is  easily  communicated  with  from  other  parts  of  the  building  by  means 

of  the  covered  passages  or  verandahs  on  each  side  of  the  Examination 
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Hall  each  12  feet  wide.  It  is  remoyed  from  the  noiae  of  the  claaa  roomai 
and  ia  open  to  the  breeze  on  three  aidea.  In  front  from  ita  windowa  caa 
be  aeen  the  old  tomb  of  Saadat  Khan.  Cloae  to  it  in  the  verandah  om 
either  aide  are  two  retiring  or  record  rooma,  each  12  feet  aqnare,  placed[| 
80  aa  not  to  intercept  the  breeze. 

The  Examination  Hall — Length  100  feet,  width  68  feet,  height  85  feet. 
Thia  ia  deaigned  with  a  flat  roof,  aa  not  only  in  keeping  with  the  atyla  of 
architectare,  bat  it  afforda  an  open  terrace  above  it  for  the  Library  which  1 
ia  on  the  firat  floor.  l  j^ 

The  pillara  aapporting  the  roof  wonld  be  either  caat-iron  on  atone  baaea,  * 
or  of  atone  or  of  brick  plaatered  with  fine  chnnam  and  marble  polished.  ; 
Iron  girdera  would  carry  the  roof  in  the  oaaal  way.  * 

Light  and  ventilation  ia  provided  by  doora  at  the  aide,  and  by  upper 
windowa  placed  under  the  projecting  eavea,  aa  well  aa  by  grated  openings  •    -t^; 
near  the  ground  in  the  aide  verandaha ;  theae  could  be  cloaed  at  pleaaare,    '  -^-t 

but  afford  the  meana  of  a  current  of  freah  air,  while  all  glare  ia  carefiilly    ^^ 

excluded.  L>^ 

The  Examinera  would  have  eaay  acceaa  to  the  Principal*a  Boom,  which  { 

haa  been  purpoaely  made  of  a  large  aize  to  meet  any  occaaion  of  thia  sort  ' 

or  meetings  of  Committee,  &c.    The  Btudenta  would  occupy  the  body  of    \_ 
the  hall  in  front  of  the  ezaniinera,  the  apacea  between  the  pillara  and  the      ^r 
walla  aerving  aa  paaaagea.  ~^ 

Entrance  JTol/.— Length  68  feet,  width  SO  feet,  height  85  feet    Leav-      t^] 
ing  the  Examination  Hall  one  paaaea  into  a  covered  apace  68  feet  X  80  feet,      rv 
deaigned  aa  an  Entrance  Hall,  to  afford  protection  at  all  aeaaona  from  the      1 
sun  and  weather  to  the  numbers  who  might  frequent  the  Examinatioa       ; 
Hall,  or  be  obliged  to  wait  near  it    It  haa  the  advantage  also  of  serving       '^ 

t — 

as  an  extra  Lecture  Hall  should  occaaion  require. 

Paaaagea  lead  off  from  thia  place  to  the  bath  rooma,  which  are  aituated, 
80  as  not  to  intercept  the  breeze,  and  are  out  of  the  way  of  obaervation. 

Two  ataircaaea  each  6  feet  wide  lead  from  thia  hall,  one  on  either  side 
of  the  laige  arch,  to  the 
Library, 

European  Profeaaor'a  Bpom, 
Native  Profeaaora*        „ 
theae  rooma  will  be  noticed  hereafter. 
From  thia  hall  eaay  communication  can  be  had  with  any  part  of  the 
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building,  aad  it  has  been  designed  with  the  object  of  cooiyenience,  yenti- 
lation,  and  extra  space. 

In  the  npper  portion  of  the  end  walb  wonld  be  a  series  of  narrow 
windows  to  admit  light  and  afford  a  fresh  carrent  of  air,  and  as  the  hall 
is  open  at  the  foar  comers  in  addition;  it  is  believed,  that  it  wonld  proye  a 
oool  and  pleasant  place  protected  entirely  from  the  snn  and  weather. 

Zo56y.— -38  feet  X  38  feet  Passing  from  the  Entrance  Hall  to  the 
Lobby,  one  stands  immediately  nnder  the  dome,  on  one  side  is  the  nnder- 
gradnate's  room ,  on  the  other  is  the  office.  The  space  is  38  feet  x  38  feet, 
looking  np,  at  a  height  of  19  feet,  one  sees  small  ornamental  projecting 
balconies  in  the  two  professor's  rooms  which  are  sitoated  over  the  office 
and  gradaates'  rooms ;  there  is  also  a  clear  view  np  to  the  top  of  the  dome, 
the  lights  in  the  lantern  of  which,  are  so  arranged  as  to  exdnde  as  mach  as 
possible  the  direct  rays  of  the  son,  while  allowing  a  free  current  of  air. 

It  is  conyenient  to  have  a  space  of  this  sort  as  a  Lobby  opposite  the 
main  entrance  and  in  front  of  the  office.  It  acts  also  as  a  good  yentQat- 
ing  shaft  np  to  the  dome. 

In  front  of  the  Lobby  and  rooms  adjacent  is  a  spacious  yerandah,  and 
beyond  this  is  an  open  terrace  np  to  which  carriages  can  driye,  and 
which  seryes  as  a  good  reception  place. 

Q^«— Length  38  feet,  width  26  feet,  height  17  feet.  Is  situated  on 
one  side  of  the  Lobby,  it  is  near  the  centre  of  the  building,  and  is  con- 
yeniently  placed  for  the  transaction  of  business  or  for  reference. 

Oraduatet^  Room.— Length  38  feet,  width  26  feet,  height  17  feet  Is 
situated  on  one  side  of  the  Lobby  opposite  to  the  office,  and  is  conyeniently 
placed  for  access,  while  the  graduates  at  the  same  time  are  not  altogether 
remoyed  from  superyision,  should  it  be  necessary.  * 

Cla88  Rooms, — In  number  8 ;  each,  length  38  feet,  width  26  feet,  height 
25  feet  The  eight  class  rooms  haye  been  arranged  four  on  either  side  of 
the  main  entrance.  This  arrangement  keeps  certain  classes  distinct,  and  it 
prevents  overcrowding  at  times  of  ingress  and  egress.  While  each  room 
has  a  thorough  draft ;  a  point  so  essential  in  this  country. 

The  two  centre  rooms  of  each  range  are  made  3  feet  higher  than  the 
side  rooms,  as  it  adds  to  the  general  appearance,  and  makes  a  better  pro- 
portion in  the  height,  if  the  two  rooms  are  ever  made  into  one.  As  it 
might  be  necessary  to  do  this  for  lectures  or  other  purposes,  sliding 
doors  are  provided  in  the  partition  wall  which  separates  them. 
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The  rooms  are  provided  with  12  feet  yerandahs  in  front  and  in  rear,  not 
only  to  keep  them  cooler,  bat  these  as  well  as  the  covered  spaces  at  the  end 
of  each  range,  afford  shelter  from  the  weather  and  places  where  the  sta* 
dents,  if  necessary,  can  leave  their  shoes*  The  end  porches  will  shelter 
carriages. 

It  is  desirable  in  this  country  to  have  plenty  of  light  without  admitting 
glare  or  the  sun's  direct  rays.  It  will  be  observed  that  the  upper  win- 
dows in  these  class  rooms  are  so  arranged  and  protected,  and  in  each  m 
way  as  to  add  to  the  general  appearance. 

Each  class  room  is  so  arranged  that  the  students  of  any  room  can  en- 
ter or  leave  it  without  having  to  pass  through  other  rooms. 

European  Professors*  jRoom.— Length  83^  feet,  width  26^  feet,  height 
20  feet.    Ascending  the  staircase  in  the  Entrance  Hall,  one  reaches  at 
18  feet  a  landing,  by  which  one  passes  to  the  Professors'  Rooms,  the  Euro- 
pean Professors'  Room  on  one  side  of  the  dome,  and  the  Native  Profesaors* 
Room  on  the  other  side.     They  are  similar  in  all  respects,  and  are  situated 
thus  to   be  away  from  the  students'  class  rooms,  and  adjacent  to  the 
Library.    Each  room  has  a  spacious  verandah  in  Ax>nt  on  the  south  or 
sunny  side.    The  passage  at  the  head  of  the  stairs  also  leads  to  separate 
Bath  rooms,  situated  over  the  bath  rooms  on  the  ground  floor,  and  provided 
with  a  small  circular  staircase. 

An  opening  with  projecting  balcony  admits  light  and  air  from  the  dome. 

Native  Professors*  Boom. — Length  88 1  feet,  width  26^  feet,  height 
20  feet.  Is  similar  in  all  respects  to  the  room  provided  for  the  European 
Professors,  and  the  same  remarks  apply. 

Again  ascending  the  staircases,  which  are  6  feet  wide,  with  a  rise  of 
6  inches  for  each  step,  one  reaches  the  Library. 

Library.— Length  68)  feet,  width  80)  feet,  height  24  feet  It  is  situ- 
ated over  the  entrance  hall,  and  will  be  a  quiet  place  of  retreat  above  the 
noise  of  the  students  below.  Part  of  the  day  it  will  be  in  the  shade  of 
the  dome. 

There  will  be  a  verandah  on  the  other  three  sides  which  are  open  to  the 
light  and  breeze,  and  in  front  one  can  walk  on  the  terrace  which  forms 
the  roof  of  the  Examination  Hall. 

The  inside  will  be  fitted  with  the  usnal  cases  for  books,  and  in  one  of 
the  comers  it  is  proposed  to  have  a  lift,  so  that  books  may  be  sent  up  or 
down  without  trouble. 
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The  Library  fittings  haye  not  been  incladed  in  the  estimate. 

AboYB  the  Professors''  rooms  on  both  sides  of  the  dome,  are  corered 
spaces  open  on  two  sides,  similar  to  what  natives  term  Trebaras.  They  are 
designed  to  add  to  the  general  features  of  the  building,  and  afford  plea- 
sant places  to  sit  in  daring  heat  or  rain.  It  is  optional  to  keep  these 
spaces,  or  to  divide  the  height  between  the  two  rooms  directly  below. 

The  spaces  under  the  stairs  can  be  used  as  store  or  record  rooms. 

An  ornamental  garden  with  fountain  in  the  centre  and  arcade  all  round 
complete  the  design.  This  is  not  included  in  estimate,  and  is  not  abso- 
lutely necessary,  and  may  be  omitted  if  there  are  not  sufiBcient  funds,  but 
it  adds  much  to  the  general  appearance  of  the  design  in  end  elevation, 
and  serves  as  verandah  space  in  hot  or  rainy  weather.  It  will  be  observed, 
that  on  the  front  side  there  is  no  arcade,  (which  would  intercept  the  view 
of  the  main  entrance,)  it  is  merely  terraced*  An  arch  in  the  arcade  per- 
mits  carriages  to  drive  up  to  the  main  entrance. 

As  the  depth  of  the  site  available  appears  to  be  only  850  feet,  it  might 
be  necessary  to  omit  altogether,  or  curtail  the  length  of  this  arcade.  It 
would  be  easy  to  do  either.  The  front  elevation  would  still  be  the  same 
whether  it  is  included  or  omitted. 

Specification. 

Excavation. — ^To  be  B  inches  wider  on  each  side  than  the  walls — the 
bottom  to  be  properly  levelled  and  rammed,  the  extra  width  on  each  side 
to  be  left  open  until  the  masonry  is  built  up  to  the  level  of  the  ground,  to 
ensure  the  foundations  being  built  in  plumb,  the  extra  width  is  then  to  be 
filled  in  with  earth  and  rammed. 

Concrete, — ^There  must  be  a  good  layer  of  concrete  under  all  walls, 
extending  to  the  full  width  of  the  excavations,  one  foot  in  depth  for  every 
20  feet  of  superstructure  up  to  3  feet  in  depth  which  need  not  be  exceeded. 

It  will  be  composed  of— r 

1  part  fresh  ghooting  lime, 

S  parts  of  well  burnt  khoah  broken  small, 

2  parts  of  well  burnt  brick  siftings, 
1  part  ot  brick  dust 

^ncittcorib.— -  All  bricks  to  be  sound,  hard,  well  burnt,  of  a  proper  shape 
and  size,  and  to  be  soaked  in  water  before  being  used.  The  courses  of  bricks 
to  be  level,  and  the  surface  of  walls  to  be  straight  and  plumb,  the  horizontal 
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mortar  joints  not  to  be  above  {-inch  thick,  and  the  seams  to  be  left  open 
on  the  face.  No  drj  or  hollow  spaces  to  be  allowed,  bat  the  interior  is  to 
be  well  grouted  and  filled  in  solid.  All  walls  are  to  be  carried  np  regularly. 
All  arches  to  be  formed  on  properlj  framed  centres^  the  joints  not  to  be 
more  than  ^indi  thick.  Relieiiog  arches  to  be  tamed  over  all  flat 
openings.  The  mortar  to  consist  of  the  best  ghooting  lime,  and  of  well 
bamt  finel J  poonded  and  sifted  bride  dost,  as  maj  be  directed  bj,  and  to 
the  satisCaetion  of  the  Engineer  in  charge.  If  coloured  Bricks  can  be  had, 
it  would  add  to  the  appearance  in  some  parts. 

Platter. — To  be  composed  of  stone  lime  if  procurable  and  clean  sand, 
or  well  burnt  finely  pounded  brick  dust  ss  may  be  directed,  with  n  little 
water  lime.  It  is  to  be  laid  on  the  walls  about  ^neh  thick,  and  is  to  be 
property  smoothed  and  rubbed — the  wall  to  be  well  cleaned,  the  joints  being 
picked  out|  and  the  surface  being  wetted  before  the  plaster  is  used. 

WktUmoBh. — To  be  composed  of  stone  lime,  water  lime,  and  shell  lime, 
in  the  proportions  which  may  be  directed. 

MarhU  pUuter  poUahed. — ^The  outer  surface  of  the  domes  and  walls 
all  round  the  inside  of  rooms  dionld  be  polished  for  about  8  feet  in  height ; 
when  properly  executed,  it  presents  a  surface  like  pure  white  marble,  and 
in  the  case  of  rooms  adds  much  to  the  general  cleanliness  and  appearance. 

The  method  pursued  in  carrying  this  out  will  be  furnished  hereafter  if 
necessary;  at  present,  it  is  unneoessary  to  describe  a  long  process.  Where 
marble  is  easily  procurable,  it  costs  about  Rs.  5  per  100  sq.  feet  extra. 

i?oq/l— To  be  terraced,  the  under  layer  of  tiles  to  be  laid  in  parallel 
rows,  the  upper  layer  to  be  laid  diagonally  with  one  inch  of  fine  mortar 
between  the  layers,  the  concrete  to  be  of  the  following  proportions — 
2  parts  best  stone  lime, 
1  part  fresh  burnt  brick  dust, 

8  parts  of  the  hardest  and  best  burnt  bricks  broken  to  sise  of  a 
walnut,  not  larger. 

The  lime  and  brick  dust  to  be  made  into  a  strong  mortar,  and  well  tem- 
pered with  the  usaal  quantity  of  water,  before  the  broken  bricks  are  added 
to  it  The  latter  to  be  well  wetted  before  being  used,  the  whole  to  be 
thoroughly  ndxed  and  lerelled  before  being  beaten.  A  grouting  of  lime 
to  be  then  laid  on  and  allowed  to  soak  well  in. 

The  girders  may  be  of  iron  or  wood,  with  joists  of  wood  or  T-iron,  cal- 
culated to  bear  120  fi»8.  per  superficial  foot  as  the  weight  of  roof. 


.    I 
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Woodwork, — ^To  be  of  sonnd  well  seasoned  timberi  free  from  all  sap, 
knots,  cracks  or  defects,  of  snch  scantling  as  may  be  required,  and  to  be 
properly  dressed,  fitted  and  fixed. 

I>oocB  and  windows  to  be  provided  with  English  made  fittings. 

Stone  floor. — ^The  stones  are  to  be  of  uniform  siae  and  shape,  eyenlj 
dressed  at  the  edges,  and  set  with  dose  joints  on  a  bed  of  1^-inch  mortar, 
the  surface  being  properly  smoothed  and  rubbed  with  coarse  sand. 

IfarhUfloor.^^hi  the  Lobby,  the  circular  portion  of  floor  under  the  dome, 
to  be  of  black  and  white  marble  alternating,  and  radiating  from  the  centre 
stone,  which  will  be  of  white  marble. 

Cuiatem  work. — All  steps,  string  courses,  brackets,  sunshades,  pillars 
in  verandah,  and  similar  positions ;  balustrades,  chujjahs  or  eayes,  copings, 
wall  plates,  bed  stones,  to  be  of  Chunar  or  other  suitable  stone,  to  contrast 
with  Hw  general  colour  of  the  brickwork  if  possible. 


AUtraci  EatimaU. 

c  ft  BS. 

94,769  Bxcavaticm,  at  Rs.  8  per  1,000,         284 

43,081  Stone  and  brick  concrete,  at  Bo.  12  per  100,           . .  5,170 
85,887  Foandation  of  brick  and  lime  mortar,  at  Ba.  20^ 

per  100,         7,244 

88,208  Plinth  of  brick  and  lime  mortar,  at  Rs.  20-8  per  100,  7,882 

2,56,896  Brick  in  lime  mortar,  let  floor,  at  Ra.  22-8  per  100,  57,682 

11,248         „              n   above  24  feet,  at  Rs.  25-8  per  100,  2,868 

48,886  Arch  maaoniy,  at  Rs.  25  per  100, 10,834 

r.  ft 

8,888  Goroice  np  to  12*  projecting,  at  Rs.  0-12-0  per  foot,  6,258 

2,650  Balnstrade  with  baked  earthenware,  of  lime  masooiy, 

base  and  cap  4  feet  high,  at  Ra.  1-8  per  foot,     • .  8,975 
8.  ft 

2/M,811  S&rkf  plaster  beaten,  at  Rs.  8  per  100 6,144 

1,54,119  White-washing,  2  coats,  at  Rs.  0-4-0  per  100,         •  •  885 

4,284  Roofing  Examination  Hall,  at  Rs.  90  per  100,       ••  8,856 

87,786           „                  „             at  Rs.  20  per  100,        ..  11,557 

46,806  Flooring  of  Chnnar  stone  slabs  in  mortar,  18"  X  2*, 

orer  two  bricks  flat,  at  Ra.  20  per  100,    •  •        •  •  9,861 

1,444  Marble  flooring  slabs,  at  Re.  1  per  foot,      ••        ••  1,444 

eft 

2,152  Bordwan  stone  wall  plate,  at  Ra.  8  per  foot,         •  •  6,456 

840       n        bed  atone,  at  Rs.  8  per  foot,         ••        ••  2/»20 

8.  ft 

6,877  Doors  i  pannelled  and  }  glazed,  at  Ra.  1-12  per  foot,  1 1,160 

408  Txellis  work,  at  Re.  1  per  loot,        ••       ••       ..  408 

Carried  orer,       ••  1/^5,488 
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No. 

Brouglit  forward,  ••  1/15,433 

9  Finials,  at  Bfl.  20  each,          «.  180 

r.  ft. 

316  Siring  conne,  at  Re.  1  per  foot,        • .        • .  . .  sio 

125      „         „      ornamental,  at  lia.  5  per  foot,  ..  625 

8.  ft. 

10,153  Marble  plaster,  polished,  at  Bs.  5  per  100,  •  •        •  •         508 
Ko. 

36  Sonshades,  at  Bs.  20  each, 720 

790  Bracket  sizes,  at  lis.  10  each,  ,.        ..        ..       7,900 

166  Cnt-stoue  pillars,  at  Bs.  128  each, 21,248 

eft 

3,309        „        stepa,  at  Ba.  3  per  foot 9,927 

a.  ft. 

13,776        „        chnjja,  at  Be.  1  per  foot, 13,776 

Total,    ..         ••  2,10,633 
Contmgencies,  at  Bs.  5  per  cent,   ..        . .     10,532 

Grand  Total  Bs.,       ..  2,21,165 

S.  S.  J. 
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No.  CCXXIIL 


CALCULATIONS  OP  STRENGTH  OP  TRUSSES  POR  RE- 

ROOPING  MONTGOMERY  HALL. 

[  Vide  Plates  XX  and  XXI.] 


By  Rai  Kunhta  Lal  BahaduRj  Assoc.  Inst.  C.E.,  Exee.  Engineer, 
Lahore.  

Caleulattans  of  Strength  of  Trusses  for  re-roofing  Montgomery  HalL 

r/ 


4^ ^1 

Spaa  of  trass  46  feet.    Rise  8^  feet. 

Average  interval  of  trasses  from  centre  to  centre  5  feet. 

Vertical  Load,  consisting  of  the  weights  of 

roof  covering  (corrngated  iron,   No.  18 

B.  W.  O.,)  trass  frames,  and  ceiling,  ••   = 
Normal  Load,  consisting  of  wind  pressare, 

acting  normal  to  the  roof  sarface,  on  one 

side  of  the  roof  at  a  time  •  •         •  • 

Total  Vertical  Load  =  W  s=  40  X  5  X 

24i  X  2,  =    9,800  „ 

ToUl  Normal  Load  =  W  =  80  X  6  X 

24J,        =    8,675  „ 

Reaction  at  the  wall  dae  to  Normal  Load  =s 

R  =  W  (1  -  i  sec*  20**)        ..         . .  =    2,635  „ 
1st.    Compressive  Strain  on  Rafter. 

VOL.  VI. — SBGOKD  8BRIK8. 


40  lbs.  per.  sq.  ft. 


=        30 


n 
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The  lowest  segment  AE  or  HE,  8^  feet  in  length,  is  under  the  great- 
est strain,  and  since  it  is  practicallj  expedient  to  keep  the  rafter  of  nni- 
form  section  thronghout,  therefore,  calculating  the  strain  on  AE  or  HB, 
we  have, 

Strain  due  to  Vertical  Load  =  ^  W  cosec  20'',     ss    11,988-75  fibs. 

„  „    Normal    „    =(R' -  ^)  cot  20%  r=       5,556-65  „ 

Total  strain,  compressiye,     ••  =     17,495-36,, 
,.  AreaCby Gordon's Ponnnl.)  =  ^ri  +  ««  ,  ('yj^^^l^^^ 

10     I  »         -»     j    ^^ 

,   .    .  IX       1    r  j\        17495  1-    ,      16    /100x«i 

(e  being  equal  to  ^  for  wood)  =-ggj  |1  +  g—  (_)  | 

17495  ^  19        ^o  -1. 

=  586^  X  -g-  =  68  square  mches 

=  8"  X  8*^,  very  nearly. 
But,  allowing  for  mortise  holes,  &o.,  the  scantling  should  be  lO'^  X  8.^ 
2nd.    Tensile  Strain  on  the  beam  AB. 

Strain  due  to  Vertical  Load  =  ^|  W  cot  20",      •  •  =     1 1,228  fi)8. 

„  „    Normal    „     =  (R'-^)  cosec  20*,=      5,913    „ 

A  Total  strain,  tensile,         ••  =     17,136    „ 

17186 
A  Area  =  -^r^g-  =  24*48  square  inches. 

Making  an  allowance  for  the  area  cut  by  mortises,  scarfs,  &c.,  and  the 
weight  of  ceiling  to  be  borne  directly  by  the  tie-beam,  it  is  proposed  to 

make  it  14'  x  8'.    Not  area  at  scarf  is  equal  to  —  X  8  =  37  square 

inches,  which  is  ample,  the  area  required  being  only  24*48  square  inches, 
as  per  above  calculations. 

Some  extra  strength  will,  also,  be  imparted  by  the  struts  for  fixing  curved 
ribs,  shown  in  section  of  truss,  which  will  prevent  the  tie-beam  from 
sagging  in  any  way. 

3rd.    Tensile  Strain  on  King-post  CD. 

Strain  due  to  Vertical  Load  =: -^,  ••         ••   =      3,266  lbs. 

„  „     Normal    „     =  ^  sec  20%  ..   =      1,304    „ 


8 


Total  strain,  tensile,  ••  s=      4,570    „ 

•*•  Area  =  ^^  =a  6*53  square  inches  nearly. 
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TRUSS  FOR  RE-ROORNG  MONTGOMERY  HALL 


PIIAME-DIACRAM    OF    TRUfti 
Ani/c— le/ffcC  =  1  inch. 


NORMAL    STRBH-DIAGRAM 


VERTICAU    STREftS-DIACRAM 


♦  » 


T3*1570 


8  Is  I860 


H  H  •• 

Ti»TisT3s2too 


S2«2830 


8i>tuo 


8l*2^20 


W»3C7ff'ft4 


CAiAn/bATiow  OP  Total  Work i no  Stribscs. 


B«tar«ii«o 
to  Fir. 

auma. 

STiutei 

I  IN  PouiriM. 

ToUl  Work- 

Inf  StroH  m 

poundt 

#*fc.  -.          A 

BARft. 

Dm  to 

YtrtiMl 

Loo. 

]>a«  to  Wind. 

Cb»not«r 

OrMtort 

Um( 

SkTwa. 

'Foot  9«fment» 

••• 

HB  or  AB 

T,'  «r  T,' 

19,090 

8.800 

9,800 

17,880 

Tbruet 

'  Middle       „ 

••• 

UGorBr 

Tj'  or  T,' 

»,C9U 

8,860 

9,800 

18,870 

n 

Itop 

«•• 

OCorFO 

T,'  or  T,* 

7«900 

9,800 

9.670 

10.000 

*• 

rOatarScfment, 
I  Middle       „ 

*•• 

MBorAL 

Hj'orH,' 

11 ,880 

MM 

9,800 

17.010 

TenifoR 

•«• 

XDorLO 

H,'  or  «,' 

0,040 

8,880 

••• 

18,030 

»• 

fitrute,  

••• 

MB  or  ML 

8,'  or  S,' 

9,490 

1,880 

••• 

6.980 

Thnui 

Stmu,  

••» 

DO  or  PD 

S;  or  8/ 

9,880 

9,180 

••• 

6,960 

It 

Qn*eii-po«U,... 

••• 

CMorFL 

Q/orQ' 

880 

640 

•«.  * 

1,470 

TeneioB 

K.ing-po«t     ... 

••• 

CO 

K 

8,800 

1,970 

»M 

4,870 

•• 

CALCULATI0H8  OF  STBIBOTH  OF  TBUBSBB,  BTO.  12S 

But  aa,  the  King-post  has,  also,  to  bear  the  weight  of  the  tie-beam,  &c.| 
it  is  proposed  to  make  it  10"  X  d^ 

Ath.    Tensile  Strain  on  Qaeen-post  FL  or  QM* 

Btram  dne  to  Vertical  Load  = -yl         =s     816tt»s. 

,y  „     Normal    „    =  -r-  see  20°|      •  •        •  •  ss     652  „ 


6 


Total  strain,  ••  =s  1,468  „ 

/•  Area  — ^  s=  2  square  inches. 

Owing  to  practical  reasons,  it  is  proposed  to  make  it  8*^  X  8,*^  which 
will  snflSoe. 

bth.    Qaeen-post  EEL 

Same  as  FL,  or  8*  X  8'^. 

€th.    Stmt  FD  or  QD.    Length  8  feet  (apper  stnit). 

Compressive  Strain, 

Due  to  Vertical  Load  =  yj  V4  x  cot>  20^  . .  =  2,768  fts. 


W 


„       Normal      „    =  ^  V4  sec>  20<>  +  cosec^  20^  s  2,211  „ 
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Total  strain,         . .     • .   =  4,979  „ 

:.  Area  (bj  Gordon's  Formula)  =  ^  x  {l  +  ^^  x(f  )'|  (both 

ends  free)  =  43*29  square  inches  ;  should  be  7'  X  7/ 
7£A.— Strut  EL.    Length  7  feet. 
Compressive  Strain, 

Sue  to  Vertical  Load  =  j^  coseo  20^, =  2,888  fi>s. 

„       Normal      „    s=^cosec40°, =1,914,, 


Total,    •  •  =  4,802  „ 

.-.  Area  (by  Gordon's  Formula)  =  J^  x  jl  +  ig  x(j)'}(both 

ends  free)  s=  80*86  square  inches ;  should  be  6'  X  6^^. 
Sifu    Purlins,  span  =  6  feet. 
Intenral  from  centre  to  centre  =  8  feet. 
Weight  at  70  lbs.  per  superficial  ft.  at  centre  =  ^  X  70  x  8^  _     420  &8. 

Strength  of  a  piece  6'  x  4'  =  ?L^i2L222,..         ..  =.     864  „ 

The  scantling  6'  x  4'  will,  therefore,  suffice  for  the  purlins.    There- 
fore, the  dimensions  of  the  several  pieces  stand  as  follows : — 


H 
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Principal  rafter, 10' X  8' 

Tie-beam, ..         ..  14'  x  8* 

King-post  (in  the  middle), 10'  x  8 

Queen  post  (FL)        „ 8'  x  8' 

„        n   (EK), 8'  X  8" 

Strut  (PD), 7"  X  7' 

„     (EL),            6'  X  6' 

Purlins, 6'  X  4' 

Common  rafters,     ••         ••         ••         ••         ••  3'  x  2' 

Eidgepole,              7'  x  4' 

Wall  plates,            ..         ..  8*  X  6' 

Pole      „ 6'  X  4" 

PurUn  blocks,        12' x  6* 

E.  L, 
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No.  CCXXIV. 
MADRAS  PATTERN  OP  VENETIAN  BAR. 

[  Vide  Plates  XXII.  and  XXIIL] 


Deseriftion  of  the  new  *  Madras^  Pattern  of  Venetian  Bar,  designed 
by  RoBT.  J.  Baldket^  Esq. 


Madroif  26th  Augutt,  1876. 

The  drawings  in  the  Plates  represent  a  pattern  for  a;  Venetian  Bar  de- 
signed sometime  ago  by  me,  and  which  has  been  favorably  reported  on  by 
District  Engineers  in  the  Madras  Presidency. 

The  merits  of  the  design  are  considered  as  follows : — 
Simplicity  of  constrnction. 
Cheapness. 
Bnrability. 
Economy  in  the  scantling  of  door  and  window  frames  when  glazed  and  Venetian 

shatters  are  together  used. 
The  dispensing  with  the  bar  from  the  middle  of  the  Venetians. 
The  easy  detachment  of  the  bar  from  the  Venetians,  as  they  are  held  together 

by  screws  only. 

The  bar  lying  close  to,  and  being  on  the  same  plane  as  that  of  the 
framework  of  the  door,  a  straight  iron  fastening-cross-bar  can  be  used, 

obviating  the  necessity  of  bending  or  providing  u  vj 

returns  as  in  the  case  where  the  ordinary  Venetian  bar  b  nsed,  to  admit 
of  its  being  incladed  in  the  fastening. 

Besides,  the  screws  and  flat  iron  being  English  made,  they  are  of  a 
better  finish  and  are  also  easily  obtained  in  any  market,  whereas  the 
hinged  doable  staple  used  in  the  ordinary  bar  is  made  in  the  country, 
and  at  times  so  imperfectly  manufactured,  as  to  be  easily  injured  in  use, 
and  when  so,  it  is  with  difficulty  extracted,  invariably  injuring  the  Venetian, 
as  it  is  driven  in  with  a  hammer. 
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Brass  bars  have  been  nsed  in  the  Railway  Central  Station  at  Madras 


r-^^ 


with  advantage.  I  have  used  both  brass  and  iron  in  the  constmction  of  i^^^^^ 
the  bar,  and  after  many  years  have  not  had  occasion  to  repair  the  Venetians :  ^-^ ^^^ 
they  work  remarkably  smooth  and  noiselessly. 

R  J.  B. 


The  following  extracts  bear  testimony  to  the  advantages  of  this 
system  over  that  hitherto  in  nse. 

Fxtraet  from  an  official  letter  hy  a  DUtriet  Engineer. 

*'I  have  the  honor  to  report  (for  the  infonnatioii  of  the  Secretary  to  Goyemmenty 
P.  W.  Department)  that  the  Venetian  har  designed  by  Mr.  Baldrey  was  fixed  to 
some  new  Venetian  windows  pnt  in  the  Chnrch  at  Falamoottah.  I  find  that  the  bar 
answers  very  well;  the  adoption  of  this  bar  enabled  me  to  fix  the  Venetian  windows 
to  the  old  frames,  (originally  made  only  iotr  glazed  windows,)  which  wonld  have  been 
impossible  had  the  bar  been  of  the  ordinary  pattern,  except  by  the  addition  of  extra 
battens  to  the  sides  of  the  frames." 


Extract  from  (Hroular  hy  the  Secretary  to  Government,  P,  W.  2>.,  Madras, 

**  The  superiority  of  Mr.  Baldrey's  design  over  that  of  the  Bengal  pattern,  now  in 
use,  appears  to  be  its  simplicify  of  constmction,  cheapness  and  dorability.  The 
dispensing  with  the  bar  from  the  middle  of  the  Venetian  is  a  decided  improvement, 
bat  the  principal  advantage  of  the  design  is  a  considerable  saving  of  timber  in  the 
framework,  for  when  glased  and  Venetian  shatters  are  used  together,  the  depth  of 
the  door  and  window  frames  is  rednced  by  more  than  three  inches. 

^  Mr.  Baldrey  has  for  some  time  nsed  the  new  pattern  bar,  and  has  fonnd  it  to  woi^ 
lemarkably  weU,  the  motion  of  the  venetLsns  being  easy  and  noiseless,  and  in  every 
other  respects  satisfactory." 

0.  A.  0. 
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No.  CCXXV. 


KANKAR  LIMES  AND  CEMENTS,  BARI  DOAB  CANAL. 


Bxtractifrom  ReporU  andLeitera  on  Kankar  Limes  and  CemenU  on 
the  Ban  Doab  Canal.  Bt  A.  Niklly,  Esq.,  Assist.  Engineer,  T. 
UiGHAH,  Esq.,  Exec.  Engineer,  and  CoL.  H.  A.  Beownlow,  R.E., 
8vfdg.  Engineer,  1870-75. 


L  Reports  A,  B,  0,  D,  E,  F,  by  A.  Niblly,  Esq.,  Asst.  Enoinbbr. 
Report  A|  dated  6th  October,  1870, 
Trb  following  report  relates  to  the  experiments  made  by  me  on  concrete 
blocks,  on  the  results  of  these  experiments,  and  on  the  preparations  made 
for  mannfactnring  four  cabic  feet  stones,  intended  for  the  new  falls  and 
floorings  which  are  to  be  part  of  the  remodelling  of  the  B^ri  Do^  Canal. 

Being  accnstomed  to  manufacture  stone  chiefly  with  sand,  my  first 
care  on  arriving  in  the  Punjab  was  to  study  that  important  ingredient ; 
but  I  found  at  Umballa  along  the  line  of  the  Railway  from  TTmballa  to 
Lahore,  at  Amritsar,  and  along  the  Bdri  Do^b  Canal,  that  sand  was  so 
fine,  so  completely  deprived  of  sharpness,  and  so  full  of  mica,  that  I  had 
to  condemn  it  as  unfit  for  the  manufacture  of  stone.  I  studied  also  as 
many  samples  as  I  could  procure  of  limes  produced  by  lime  stones ;  but 
I  could  not  discover  in  them  those  eminently  hydraulic  and  cementing 
qualities  necessary  for  the  manufacture  of  concrete  blocks.  It  was  during 
these  discouraging  studies  that  I  was  ordered  to  leave  Umballa  and 
to  report  myself  at  Amritsar  to  Captain  Palmer,  Exec.  Engineer,  B^ri 
Do&b  Canal.  I  must  mention  here  that  during  my  short  stay  at  Umballa, 
I  had  occasion  to  examine  some  fair  specimens  of  concrete*  made  up  by 
Captain  T.  C.  Manderson,  R.E.,  Exec.  Engineer,  Lower  Sirhind  Divi- 
sion, but  their  composition  remained  a  secret  from  me.    During  my  visit 

*  Artifldal  itone. 
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to  Captain  Palmer  at  Amritsar,  his  brother,  Mr.  E.  C.  Palmer,  Exec. 
Engineer,  had  the  kindness  to  draw  my  attention  to  his  experiments  on 
kankar  blocks,  and  to  allow  me  to  visit  the  excellent  specimens  he  had 
mannfactnred.  This  visit,  and  the  bad  opinion  of  sand  which  Mr.  Palmer 
had,  an  opinion  which  corroborated  mine,  convinced  me  that  kankar,  with 
which  the  Punjab  has  been  so  abundantly  provided,  was,  in  these  parts  of 
the  world,  the  real  base  of  concrete  blocks ;  and  that  after  the  experiments 
already  made  by  Mr.  E.  C.  Palmer,  the  only  task  which  remained  to  be 
done  by  me  -was  to  improve  the  manufacture,  and  to  try  to  explain  the 
action  of  the  burnt  kankar. 

Having  then  been  appointed  to  the  Special  Works  of  the  B&ri  Dodb 
Canal,  and  having  been  sent  to  Eallair  and  Mddhopnr  to  see  what  I 
could  do  for  the  manufacture  of  concrete  blocks ;  I  started  from  Amritsar 
on  the  evening  of  the  3rd  of  May,  and  on  the  7th  of  the  same  month  I 
wrote  the  following  report : — 

Beport  No,  1,  dated  7th  May,  1870.— I  have  visited  at  E^allair  the 
works  where  the  concrete  blocks  are  manufactured,  and  after  carefully 
studying  the  ingredients  employed,  and  the  details  of  the  manufacture,  I 
wrote  the  following  report,  which  I  hope  will  throw  some  light  upon  the 
usefulness  of  kankar  and  the  role  it  is  called  to  play  among  the  principal 
ingredients  with  which  mortar,  concrete  and  b^ton  are  made. 

I  shall  divide  this  report  into  two  subjects, — the  first  shall  treat  of  the 
materials  with  which  kankar  stone  is  made ;  the  second  shall  treat  of  the 

manufacture. 

Materials. — The  first  enquiries  I  made  were  about  the  nature  of  in- 
gredients used  at  Kallair,  and  the  quantities  employed.  I  remarked  that 
what  was  pointed  out  to  me  as  kankar  lime  was  kankar  burnt  in  a  rude 
way,  then  broken  to  a  rough  powder,  and  afterwards  mixed  with  broken 
raw  kankar  and  water  in  the  way  generally  used  by  natives,  that  is  to  say, 
with  a  great  deal  more  water  than  necessary.  The  quantities  employed 
were,  I  was  told,  one  of  the  powder  of  burnt  kankar  to  two  of  broken 
kankar,  but  nobody  would  show  me  in  what  the  quantities  were  measured. 

There  exists  in  France  a  sort  of  natural  formation  named  psammite, 
which,  being  composed  of  grains  of  quartz,  schist,  felspar  and  mica, 
mechanically  agglomerated  by  a  clayey  and  ferruginous  cement,  bears,  I 
believe,  a  great  resemblance  to  kankar.  This  psammite,  half-burnt  in  a 
lime-kiln  with  a  free  access  of  air,  produces  one  of  the  most  energetic 
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artificial  puzzolanas,  and  is  used  for  hydraulic  works  in  places  where  water 
does  not  contain  any  salt  Being,  therefore,  under  the  impression  that 
psammite  and  kankar  were  likely  to  have  the  same  properties,  I  tested 
with  muriatic  acid  the  so-called  kankar  lime,  and  I  found  that,  like  artifi- 
cial pnzzolana,  it  efifervesced  strongly,  instead  of  being  insensible  to  the 
action  of  the  acid,  as  it  should  have  been  had  it  been  real  lime. 

I  concluded  from  this  experiment  and  from  the  qualities  which  kankar 
is  well  known  to  possess,  that  this  mineral  half-burnt  is  an  energetic  puz- 
zolana,  and  that  it  was  sufficient  to  mix  with  it  from  ^  to  ^  of  good  fat 
lime  to  obtain  a  good  hydraulic  mortar. 

The  proportions  for  stone  will  probably  be— - 
i  cubic  foot  fat  lime,  -v 

^  „      half-burnt  kankar,        L  =  one  cubic  foot  stone. 

1  „      broken  raw  kankar,      J 

As  some  kankars  contain  much  lime,  the  above  proportions  should  vary 
accordingly. 

Manufacture. — The  manufacturing  of  the  stone  at  Kallair  is  what  may 
be  called  the  infancy  of  the  art  of  stone-making.  The  half-burnt  kankar 
and  the  raw  kankar  were  broken  in  the  most  wasteful  and  rude  way ;  the 
mixture  with  water  was  made  under  the  direct  action  of  the  sun's  rays ; 
the  moulds,  made  too  light,  were  out  of  shape ;  the  rammers  were  so  light, 
the  mixture  so  wet,  that  after  half  an  hour  or  more  ramming  the  last  layer 
was  far  from  having  obtained  the  hardness  required.  Each  man  made 
about  f  rds  of  a  cubic  foot  per  day,  whereas  he  should  make  at  least  from 
6  to  8  cubic  feet  (22  was  the  number  of  cubic  feet  made  in  eight  hours  by 
each  convict  at  Algiers).  No  layer  was  raked  so  as  to  be  joined  to  the 
next  layer,  and  the  stone  commenced,  instead  of  being  completed  in  the 
same  day  as  it  ought  to  be,  took  three  days  to  manufacture.  As  a  neces- 
sary consequence  of  this  rude  manufacturing,  the  stone  produced  is  very 
deficient  in  shape,  and  is  scarcely  fit  for  foundation  work. 

However,  all  these  defects  may  be  easily  cured  with  proper  moulds  and 
rammers,  and  properly  instructed  supervisors.  The  greatest  difficulty  to 
contend  against  will  be  the  careless  way  with  which  the  coolies  work,  the 
sitting  posture  they  have  been  allowed  to  adopt,  and  which  must  be  changed 
for  an  upright  posture,  and  the  lightness  of  the  rammers  which  must  be 
changed  for  much  heavier  ones.  The  best  way  to  prevent  carelessness 
will  be,  I  think,  to  write  upon  each  stone  the  name  of  the  coolie  who  made 
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1%  tttd  to  inflict  on  him  some  pacuniary  poniahment  if  the  stone  tarns  out 
to  be  bad. 

As  for  tbe  improyements  to  introdnoe  in  the  tools  and  mannfSsctare,  I 
wonld  snggest  to  get  the  haU-bnmt  kankar  reduced  to  powder  with  a  road 
band^rammer  striking  on  aa  iron  plate  one  inch  thick,  one  and  a  half  foot 
squarOi  snnk  a  little  in  the  ground.  The  powder  so  crushed  would  be  sifted 
through  such  a  siete  aa  may  be  procurable  at  the  Mddhopur  Workshops. 

A  similar  arrangement  would  do  for  breaking  the  raw  kankar.  The 
lime  and  kankar  puasolana  should  be  mixed  as  intimately  as  can  be  done 
with  a  shoTcly  then  moistened  until  they  form  a  thick  mortar,  and  last 
thoroughly  worked  with  the  raw  kankar  from  which  the  earthy  matters 
should  hare  been  washed  as  well  as  possible*  The  whole  of  the  aboye 
work,  except  the  washing,  should  be  carried  out  under  shelter  if  practicable. 

I  will  not  enter  into  the  minute  details  of  the  remainder  of  the  manu« 
faeture,  aa  it  would  be  to  repeat  to  a  great  extent  the  recommendations 
which  are  to  be  found  in  my  pamphlet  on  stone-making  (Coignet's  system). 
I  will  only  say  that  I  hope  to  be  able  before  long  to  proye  by  experiments 
the  yast  usefufaneas  of  kankar  in  the  erection  of  hydraulic  works. 


A  few  months  after  the  aboye  repoort  was  drawn  up,  I  receiyed  a  printed 
document  written  by  J.  E.  Tannw,  Esq.,  C.E.,  and  addressed  to  the 
Supdg.  Engineer,  Sirhind  GanaL  In  this  report  I  was  happy  to  find 
that  long  before  me  that  Engineer  had  stated  that  the  composition  of 
the  burnt  kankar  brought  it  under  the  head  of  puzzolana.  As,  how- 
eyer,  Mr.  Tanner  does  not  giye  us  a  complete  analysis  of  kankar,  and  as 
I  think  it  is  important  that  the  composition  of  kankar  in  its  raw  and 
burnt  state  should  be  known^  I  join  to  this  report  a  letter  in  which  I  beg 
to  be  allowed  to  send  samples  of  yarious  kinds  of  kankar  and  kankar  lime 
to  the  nearest  Ooyemment  chemist,  so  as  the  question  of  composition 
may  be  set  at  rest.  The  knowledge  of  the  composition  of  our  kankar 
lime  will  enable  me  to  fix  with  certainty  the  quantity  of  stone  lime 
necessary  to  be  mixed  with  it  to  render  it  eminently  hydraulic 

As  regards  the  manufacture,  I  haye  had  occasion  to  remark  that  the 
means  I  recommend  for  breaking  the  raw  kankar  and  pounding  the  kan- 
kar lime  were  not  satisfactory.  I  belieye,  now,  that  the  best  mode  in  the 
absence  of  machinery  will  be  to  do  like  our  siirki  pounding,  that  is,  to 
giye  out  that  part  of  the  manufacture  to  petty  contractors. 
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Haying  returned  from  Eallair  to  MMhopari  and  compiled  the  report 
No.  1, 1  ordered  at  the  Workshops  the  tools  and  moulds  necessary  to  make 
experimental  concrete  blocks.  On  about  the  17th  llajy  these  things  wwe 
delivered  to  me,  and  I  set  to  work  immediately. 

The  lime  I  could  get  at  M&dhopur  was  poor  in  my  opinion.  HoweveTi 
I  made  two  samples  of  blocks ;  the  first  of  these  is  useless,  the  proportion 
of  mortar  being  too  small ;  the  second  is  as  good  as  any  good  masonry,  but 
would  not,  I  think,  have  set  rapidly  under  water.  I  might  have  made  it 
much  stronger  by  doing  like  in  Madras,  that  is,  miidng  some  ^  to  the 
water  used  for  the  mortar,  or  I  might  have  rendered  it  hydraulic  by  mixing 
kankar  lime  to  the  stone  lime,  but  I  would  not  use  any  ingredient  which 
was  not  readily  procurable  at  M&dhopur.  These  two  blocks  being  made 
up,  I  started  for  Eallair,  where  I  made  the  first  instalment  of  17  stones 
2'  X  1'  X  1^  as  shown  in  the  following  statement.  I  wrote  at  the  same 
time  the  report  No.  2,  which  follows. 

Beport  No.  2,  dated  lat  June,  1870^^1  enclose  a  statement  show- 
ing the  number  of  experimental  stones  made  by  me  from  the  17th  May  to 
the  30th.  It  will  be  seen  £rom  a  perusal  of  the  above  statement,  that  I 
have  succeeded  in  making  two  men  ram  five  cubic  feet  of  stone  each  per 
day.  As,  however,  I  think  that  unless  the  men  were  subjected  to  a  very 
strict  supervision  like  convicts,  it  would  not  be  possible  to  obtain  the 
above  amount  of  work  every  day;  it  will  be  better,  therefore,  to  count 
upon  four  cubic  feet  only.  I  have  not  been  able  to  ascertain  yet  the  real 
rates  of  kankar  at  Kallair ;  but  if  it  costs  what  I  was  told,  viz..  Be.  9  per 
100  cubic  feet,  the  manufacturing  of  the  stone  there  will  be  more  expen- 
sive than  anywhere  else.  The  cost  of  100  cubic  feet  of  stone  would  be 
about  as  follows  :^- 

lai  ▲.  F. 

150  cubic  feet  raw  kankar,  at  Rs.  9  per  100  cable  feet,  ...  s=  13   8  0 
100    „       „  burnt       „      „    18        „  „  ...  ss  18   0   0 

Labour,  including  ponnding  lime  and  breaking  kankar,  ...  =    9   6   0 

Total,    ...       85  14   0 

I  shall  allow  one  month  for  the  setting  of  the  stones,  and  after  that 
period  of  time  I  shall  report  on  the  various  qualities  and  powers  of  the 
stones  1  have  manufactured. 

During  the  month  of  June  I  made  1 9  more  blocks,  whidi  exhausted 
the  small  stock  of  kankar  lime  we  had  in  hand. 
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On.  the  11th  of  July  the  blocks  Noe.  1,  2, 14, 15  were  placed  nnder  the 
infinenoe  of  a  strong  current,  and  left  there  till  the  25th  of  Aagost.  I 
would  have  liked  to  place  these  blocks  immediately  under  the  falls,  but  as 
they  were  not  big  enough  to  be  immovable,  I  thought  it  might  prove 
injurious  to  the  masonry  of  the  fall  if  I  placed  them  there^  The  block 
No.  13  was  placed  in  the  water  four  hours  after  it  was  made  up,  and  it 
was  found  on  examination  to  have  set,  and  to  have  hardened.  The  shape 
of  all  the  stones  made  up  in  the  mould  I  used  was  perfect.  If,  therefore, 
those  blocks  were  placed  close  to  each  other,  and  joined  by  a  thin  coat 
of  hydraulic  mortar,  they  would  form  a  solid  mass  which  might  be  exposed 
without  fear  to  great  velocities. 

I  weighed  nine  of  the  blocks,  and  I  found  that  the  average  weight  of  a 
cubic  foot  was  136  tt>s. ;  this  is  about  30  per  cent,  more  than  a  cubic  foot 
of  brick,  but  it  is  less  by  27  3>8.  than  the  cubic  foot  of  stone  made  by  Mr. 
E.  C.  Palmer.  Whether  this  comes  from  our  kankar  which  is  very  in- 
ferior to  the  kankar  to  be  had  at  Amritsar,  although  ours  is  much  dearer, 
or  whether  it  comes  from  insufficient  pounding,  I  will  ascertain  as  soon  as 
we  begin  making  blocks  again.  I  think  that  it  comes  from  the  kankar, 
as  the  average  weight  of  the  blocks  made  before  my  time  at  Eallair  is 
the  same  as  mine,  and  they  had  no  end  of  pounding.  The  price  of  kankar 
has  been  reduced,  and  from  Es.  12  that  I  was  asked  at  first,  it  has  come 
down  to  Bs.  8.    The  cost  of  100  cubic  feet  of  stone  is  now  as  follows  :— 

BS  A.  p. 

ISO  cnbic  feet  of  raw  kankar,  at  Rs.  8  per  100  cubic  feet,  ...  12  0  0 
100  w  f,  bnmt  „  at  Ra.  12-8  per  100  cable  feet,  12  8  0 
Labonr,  inclading  ponndlng  of  lime  and  breaking  raw  kankar,   9   6   0 


Total,    ...33  14   0 


I  will  conclude  by  remarking  that  I  do  not  think  it  necessary  that  the 
principal  ingredient  used  should  be  raw  kankar :  as  long  as  I  can  obtain 
kankar  puzzolana  and  good  fat  lime,  it  is  indifferent  to  me  whether  the 
third  ingredient  at  my  disposal  is  kankar,  good  sand,  gravel  or  broken 
boulder.  With  each  of  these  three  last  ingredients,  I  could,  I  think, 
obtain  a  good  concrete  stone,  probably  much  heavier  than  the  kankar 
stone.  But  kankar  puzzolana  is  the  only  ingredient  absolutely  necessary 
in  hydraulic  works ;  it  is  the  ingredient  which  mixed  with  fat  lime  con- 
tains all  the  hydraulic  and  cementing  qualities  so  difficult  to  meet  with 
and  so  much  wanted. 
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Appendix  to  Report  A. 
Statement  ehomng  the  number  of  Experimental  Stones  made  up,  and 

all  the  details  of  their  Manufacture. 
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Report  B,  dated  20th  Febraary,  1871. 

On  the  5th  October,  1870, 1  wrote  a  report,  No.  A,  which  contained  a 
statement  of  the  beginning  of  my  experiments  on  kankar  or  concrete 
blocks.  These  experiments  having  been  necessarily  undertaken  with  kan- 
kar lime  which  had  been  burnt  and  pounded  before  my  arrival,  I  could  not 
expect,  in  the  absence  of  chemical  analysis,  to  find  out  at  once  the  defects 
of  the  manufacture  of  kankar  lime  as  carried  out  by  the  native  contractors, 
and  all  the  qualities  of  that  lime  when  well  manufactured.  Therefore, 
kankar  lime  being  required,  I  ordered  that  three  small  conical  field  kilns 
should  be  made  up  and  burnt  by  experienced  contractors,  and  I  took 
advantage  of  this  opportunity  to  study  the  manufacture  of  kankar  lime. 

The  first  of  these  kilns  was  burnt  and  the  lime  pounded  whilst  I  was 
surveying  on  the  Beas  river.  I  examined  some  samples  of  the  powdered 
lime  obtiuned,  ai^d  found  that  it  was  a  poor  stuff,  evidently  composed  of 
ashes,  underbumt  and  well  burnt  kankar,  the  product  of  the  ignorance 
and  bad  faith  of  the  contractor. 

My  work  being  then  completed  on  the  Beas,  I  had  the  two  other  kilns 
unloaded  in  my  presence,  and  took  care  to  have  the  well  burnt  kankar, 
the  overbumt  and  underbumt  carefully  separated.  The  quantity  of  well 
burnt  kankar  being  only  one-half  of  the  toti^  load  of  the  kiln,  I  was 
obliged  to  conclude  that  the  amount  of  fuel  required  during  the  winter  was 
ignored  by  the  contractors,  and  that  to  conceal  the  results  of  their  ignorance, 
they  generally  pounded  together  all  what  they  could  get  out  of  the  kilns, 
and  produced  consequently  the  poor  stuff  obtained  by  the  first  kiln. 

On  enquiry  I  find  that  the  practice  of  spoiling  kankar  lime  is  general 
in  the  district,  which  explains  why  it  is  not  more  in  use  in  these  parts. 

The  proportion  of  fipla  to  kankar  generally  used  is  2  to  1.  I  ordered 
to  make  a  fourth  kiln  with  the  proportion  of  3  to  1,  and  to  cover  the 
exterior  surface  of  the  kiln  with  a  layer  of  ashes.  I  have  unloaded  the 
kiln  made  according  to  that  order,  and  I  find  that  the  loss  in  underbumt 
kankar  is  only  five  per  cent,  of  the  load  ot  the  kiln. 

The  underbumt  kankar  being  useless,  I  tried  only  the  well  burnt  kan- 
kar and  the  overbumt. 

As  entering  into  the  details  of  my  experiments  would  make  this  report 
too  long,  I  will  state  their  result  only. 

BsXHa  kankar  lime  is,  as  far  as  can  be  jndged  by  its  imperfect  slaking 
and  by  experiments,  a  limit  hydraulic  lime,  u  Cy  that  it  may  be  classed 
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between  the  eminently  hydraulic  limes  and  the  inferior  cements.  It  should, 
therefore,  if  thoronghly  washed  before  burning,  contain  after  combastion 
nearly  equal  quantities  of  carbonate  of  lime  and  combined  clay.  But  the 
kankar  being  burnt,  unwashed  and  corered  with  its  coat  of  clay,  it  is 
likely  that  the  quantity  of  clay  in  the  pounded  lime  somewhat  exceeds 
the  quantity  of  carbonate  of  lime. 

Therefore  if  it  was  desired  to  obtain  a  pure  limit  hydraulic  lime,  it 
would  be  necessary  to  wash  the  kankar  before  placing  it  in  the  kiln.  Bat, 
as  for  as  my  experiments  go  now,  they  tend  to  prore  that  the  extra  quan- 
tity of  clay  is  not  injurious  to  the  lime. 

My  experiments  prove  also-^ 

l$i.  That  if  BatAla  kankar  lime,  well  burnt,  is  finely  ponnded,  made  into  a 
thick  paste,  and  thrown  in  the  water  immediately  after  being  madenp  into 
a  ball,  it  hardens  steadily  so  as  it  cannot  he  penetrated  by  a  fine  needle 
after  a  fortnight,  and  is  hard  enoagh  after  a  month  to  bear  my  pressing  it 
against  a  table,  throwing  on  it  as  mnch  as  I  conld  of  my  weight 

2nd,  That  if  Bat4la  kankar  lime,  treated  as  before,  is  allowed  20  honrs'  setting, 
and  then  placed  in  water,  it  is  after  the  20  hours  hard  enough  not  to 
be  penetrated  by  a  fine  needle,  goes  on  hardening  under  water,  and  is,  after 
a  fortnight,  able  to  bear  the  pressure  against  the  table. 

Zrd.  That  the  mixture  of  one  part  stone  lime  with  three  parts  kankar  lime  does 
not  appear  to  improre  kankar  lime  in  any  way. 

4lA.  That  oyerbumt  kankar  lime,  treated  as  in  No.  1,  gets  harder  than  No.  1 
ball  during  the  two  first  days,  but  remains  after  that  lapse  of  time  in  a  half 
hard,  brittle  state  without  improving. 

Bendea  what  I  might  call  laboratory  experiments,  I  have  employed 
kankar  lime  in  the  following  canal  repairs,  in  places  where  its  strength  is 
sure  to  be  most  seyerely  tried. 

The  two  upper  weirs  of  No.  18  cascade  have  been  repaired  with  boulder 
masonry,  the  mortar  being  composed  of  one  part  kankar  lime  to  one  part 
stone  lime.  This  mixture  was  made  because  the  stock  of  kankar  lime 
was  yery  small,  and  I  knew  that  the  kankar  lime  would  communicate  its 
hydraulic  properties  to  the  stone  lime.  The  deep  holes  of  an  oroidal 
form  hollowed  by  falling  water  in  the  masonry  left  abutment  of  the  per« 
pendicular  fall  No.  17  were  repaired  with  boulder  masonry,  the  mortar 
being  composed  of  two  parts  kankar  lime  to  one  part  stone  lime.  Here 
the  tenacity  of  the  mortar  will  be  excessiyely  tried,  as  the  new  masonry 
rests  on  a  slanting  suriace.  In  both  cases  the  canal  water  was  let  on  the 
falls  about  six  days  after  the  completion  of  the  repairs. 
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Besides  these  asefol  works,  I  have  placed  in  the  weir,  on  the  third  day 
of  No.  1  rapid,  two  stones,  2^  X  2'  x  1',  made  as  follows  :— 
Made  on  the  19th  Janaary^- 

one  four  cubic  feet  atone  compoeed  of  |  ^  P^^s'^L^  3^  '""""^ 

The  lime  and  the  kankar  were  slightly  wetted  separately,  then  mixed  together  as 
thoroaghlj  as  can  be  done  by  hand  labour. 

Six  and  a  half  cnbic  feet  of  the  mixture  made  one  stone  of  four  cubic  feet    The 
stone  was  rammed  12  hours  by  two  men.    The  rammers  weighed  16  lbs. 
'    Made  on  the  20th  January^ 

one  fonr  cubic  feet  .tone  compoeed  of  j  ?:S&'S^iS^^*^to"'^ 

Acted  on  as  before. 
'  Five  and  a  half  cubic  feet  of  the  mixture  made  the  fonr  cubic  feet  stone. 

On  the  24th  these  two  stones  were  carried  to  Madhopur,  althou^  one  of  them  had 
only  four  days  for  setting,  and  the  other  three  days,  and  although  I  could  dispose 
only  of  weak  coolies  unaccustomed  to  move  great  weights. 

The  stones  were  weighed  at  the  Madhopur  Workshops,  and  we  found  that — 
The  kankar  stone  weighed  143  fts.  per  cubic  foot,  and  that  the  stones  made  with 
small  ones  weighed  145*5  lbs.  per  cubic  foot. 

As  the  best  concrete  in  England  weighs  about  140  lbs.  per  cnbic  foot,  the  abore 
weights  are  satisfactory. 

On  the  21st  January  the  stones  were  carried  again  to  No.  1  rapid,  and  placed  in 
the  weir  of  that  rapid. 

The  weights  of  the  abore  stones  are  the  greatest  yet  obtained.  I  ascertained  it  by 
weighing  at  the  Workshops  the  best  blocks  made  at  Amritsar,  and  which  were  re- 
ported to  weigh  162  lbs.  per  cubic  foot  Their  real  weight  is  136  lbs.  only  per  cubic 
foot 

I  am,  therefore,  in  a  position  to  cancel  the  remarks  made  in  my  former 
report  when  I  compared  the  weight  of  the  stones  made  by  myself  at 
Eallair,  and  the  weight  of  the  stones  made  at  Amritsar,  and  to  state  that 
most  of  the  former  stones  are  eqnal  in  weight  and  superior  iu  shape  to 
any  stone  made  before  I  commenced  experiments. 

I  will  conclude  this  part  of  my  report  by  stating  that  baring  yet  to  as- 
certain mechanically  the  resistance  to  pressure  of  the  mortar  and  b^ton 
made  with  Bat^a  kankar  lime,  I  am  making  now  eight  cnbic  inch  stones, 
which  will  be  sent  to  the  MsHdhopur  Workshops  as  soon  as  they  have  at- 
tained their  utmost  hardness.  This,  I  belieye,  will  be  after  keeping  the 
samples  about  six  months  under  water. 

I  will  pass  now  to  the  financial  part  of  this  report.  As  the  kankar  by 
being  burnt  loses  at  least  one-third  of  its  weight  without  losing  anything 
of  its  bulk,  by  making  the  kankar  lime  at  the  bed,  instead  of  manufac- 
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taring  it  at  iite  of  works,  we  shall  sare  one^third  of  the  cost  of  carriage : 
also  kankar  by  being  washed  loses  one-fifth  of  its  weight ;  we  shalli 
therefore,  effect  another  saying  on  carriage  by  washing  it  at  the  bed. 
finally,  as  with  proper  apparatus  it  is  easier  and  cheaper  to  move  blocks 
than  loads  of  kankar,  I  shall  suppose  in  the  following  calculations  that 
the  stones  are  manufactured  at  the  kankar  bed. 

Cost  of  Kankar  Idme.  B& 

Prime  ooet  of  kankar  at  site  of  bed,  per  100  cable  feet,  ••        ••  8 

Kaking  and  clearing  the  kilo,         8'5 

FoelCiipla)    .. 2*5 

Foonding  of  lime  (coarsely),  2 

CoBt  of  lime  per  100  cable  feet,       •  •  11 

Coit  of  Wa$hed  Kankar. 

Prime  cost  of  kankar,  per  100  cable  feet,  •  •        ••        ••        ••  3 

Wadiing, 2^ 

CoBt  of  wasbed  kankar  per  100  cnbic  feet,  •  •    6 
Coat  (ff  Kankar  Stone, 

54*25  cable  feet  kankar  lime,  at  Rb.  11  per  100  cnbic  feet,  5*96 

107*25         „       washed  kankar,  at  Rs.  5             „            „  5*86 

Ponnding  100  cable  feet  stone,  first  quality,         ••        ••  ..     7*66 

Total  cost  of  100  cable  feet  stone,  .  •  19*17 

We  have  to  add  to  this  the  cost  of  carriage  to  site  of  work,  supposing 
the  stone  to  weigh  about  140  Ifos.  per  cubic  foot,  and  the  district  rate  to 
be  one  and  a  half  pie  per  82  tt>s.  per  mile.  The  carriage  would,  therefore, 
be  Bs.  1-5-4  per  100  cubic  feet  and  per  mile.  In  calculating  the  cost  of 
lime,  I  have  stated  that  the  lime  was  coarsely  pounded.  I  regret  to  say 
that  without  the  help  of  machinery  it  is  impossible  to  get  the  lime  pound- 
ed as  finely  as  it  should  be.  I  hare,  therefore,  asked  Mr.  J.  L.  Watson, 
Exec.  Engineer  of  the  Midhopur  Workshops,  to  have  the  kindness  to 
supply  me  with  the  design  and  estimate  of  a  pounding  machine  of  the 
simplest  description  which  could  be  driven  by  cattle,  and  which  can  be  em- 
ployed also  for  pounding  stirki  and  mortar.  I  have  made  a  rough  estima- 
tion of  the  work  that  conld  be  done  by  it,  and  found  that  it  will  pound 
100  cubic  feet  of  lime  at  the  rate  of  four  annas,  or  one-eighth  only  of  the 
actual  cost. 

In  condosion,  I  must  state  that  having  been  informed  that  the  Batdla 
kankar  beds  were  getting  exhausted,  every  hydraulic  engineer  must  feel  a 
regret  in  seeing  our  only  source  of  hydrauliA  cement  waated  in  making 

VOL.  VI.-^SBCOHD  SBBIKS.  T 


188  KAKKAR   LIMES   AND   0BMBNT8|   BABI    DOAB    CAKAL. 

roads  which  cannot  stand  heayy  traffic.  It  is  tme  that  new  beds  of 
kankar  are  often  discoYcred,  and  I  can  mention  one  of  excellent  qnality  which 
has  just  been  found  at  Bhimpnr  by  Mr.  W.  G.  Gotten,  Exec.  Engineer, 
Ist  Difision,  B^ri  Do^b  Canal.  Bat  whatever  be  the  extent  of  oar  wealth 
in  kankar,  I  think  it  would  be  wise  to  reserye  some  of  the  beds  in  the 
proximity  of  the  canals,  so  as  to  keep  up  our  supply  of  a  lime,  which  when 
well  worked,  would  be  in  every  way  much  cheaper  and  much  better  than 
the  stone  lime  hitherto  employed. 

If  we  do  not  take  advantage  of  our  only  supply  of  natural  cement  and 
prevent  its  being  wasted  on  roads,  we  shall  be  obliged  to  have  recourse 
one  day  to  artificial  cement  as  recommended  by  Lieut.-Golonel  Brownlow, 
B.E.,  who  was  not  aware  of  the  fine  qualities  of  our  kankar  limes  when 
manufactured  with  care. 

P.S. — I  find  that  the  specific  gravity  of  BatAla  kankar  lime  is  1*2 ; 
the  specific  gravity  of  Portland  cement  is  only  1*4. 

Report  O,  dated  16th  October,  1871. 

Part  /•  Giifing  every  information  dbcut  the  Eankars  along  the  Bdri  Dodb 

Canal  from  Mddhopur  to  AliwaL 

It  seems  at  first  sight  of  little  importance  to  the  engineering  profession 

of  India  whether  kankar  is,  according  to  Daniel  Page,  a  superficial  accu- 
mulation of  calcareous  matters,  which,  in  point  of  time,  seems  to  corres- 
pond with  the  boulder  drift  formation,  or  whether  the  surface  waters  of 
our  own  time  continue  to  transport  in  their  course  calcareous  matters  which 
percolating  through  the  soil,  are  still  forming  those  beds  of  nodules  that 
we  are  so  anxious  to  find  in  the  vicinity  of  our  works.  The  question, 
however,  is  important  in  this  way  that,  if  nature  does  not  in  reality  keep 
up  that  natural  production  of  kankar,  as  these  beds  of  nodules  are  our  only 
sources  of  cements  and  hydraulic  limes,  it  would  be  advisable  to  prevent 
the  premature  exliaustion  by  road-making  of  those  which  are  close  to  our 
works. 

Along  the  line  of  the  B^ri  DoA  Canal,  and  at  small  distances  from 
it,  kankar  is  to  be  found  at  various  depths,  and  of  various  chemical  com- 
position. 

At  Bhimpnr,  15  miles  below  Hddhopur,  it  is  to  be  looked  for  in 
the  slopes  of  the  watershed  crossed  by  the  canal  at  depths  varying  from 
4  to  8  feet|  and  in  masses  from  25  to  50  cubic  feet.    In  some  spots  it  is 
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of  a  compact  but  sandy  nature,  containing  many  fossils  of  marine  shells  and 
other  detiitns.  In  some  other  spots  it  is  a  calcareons  nodnle  likely  to  be 
a  fresh  water  deposit. 

Two  or  three  miles  below  Bhimpnr,  kankar  becomes  a  flat  stratified 
nodule,  Tery  compact  and  hard. 

Three  miles  farther  on,  abreast  of  Sirkidn,  and  two  miles  eastward, 
deposits  of  the  calcareons  nodnle  are  to  be  met  with. 

Kankar  is  not  again  found  till  Bat&la,  where  it  is  excavated  from 
large  beds  at  a  depth  of  3  or  4  feet,  and  in  the  shape  of  a  yery  contorted 
nodule,  containing  clay  in  the  empty  spaces. 

Beds  of  the  same  kind  of  kankar  are  crossed  by  the  canal  two  miles 
below  KuDJar,  but  they  are  at  such  depths  as  to  be  practically  unworkable. 

We  haye  not  had  an  opportunity  of  getting  acquainted  with  the  beds 
below  Aliwal.  Kankar  from  Vahn  is  the  only  kankar  from  the  plains  that 
we  had  occasion  to  analyze ;  it  is  found  close  to  the  surface  of  the  ground, 
and  is  a  much  purer  carbonate  of  lime  than  our  kankars. 

Table  I.  gives  all  the  important  information  about  the  kankar  beds,  and 
also  all  what  has  been  published  about  the  kankars  of  other  localities. 

The  full  value  of  the  analyses  given  in  Table  I.  is  not  realised  until 
we  compare  them  to  those  given  in  Tables  11.  and  III. 

Table  II.  contains  the  analyses  of  well  known  stone  limes,  whose  treat- 
ment as  regards  burning,  slaking,  nature,  and  proportion  of  ingredients  for 
mortar,  is  well  known,  and  need  not,  therefore,  be  repeated  in  this  report. 

Table  III.  is  a  translation  of  a  table  by  Yicat,  in  which  are  classed  all 
the  varieties  of  hydraulic  limes  and  cements  by  types,  according  to  the 
quantities  of  carbonate  of  lime  and  combined  clay  they  contain.  The 
proportions  of  lime  to  clay  are  given  both  before  and  after  combustion  of 
the  stone.  This  useful  table  enables  us  to  see  at  once  what  name  we  can 
give  to  our  kankar  limes.  For  instance,  we  could  call  cements  superior 
to  the  ordinary  cements,  the  calcareous  nodule  of  Pathdnkot,  Bhlmpur(2), 
Jandhy  Ghouty,  &c. ;  ordinary  cements,  washed  Bat&la,  Lucknow  No.  3 ; 
cements  inferior  limits,  the  kankars  of  Vahn,  Gh^ipur,  Lucknow  No.  I , 
and  No.  2,  &c.  The  Bhimpur  sandy  nodule  ought  to  come  under  the 
denomination  of  poor  cement,  the  best  for  concrete  under  water. 

In  conclusion  of  this  part  of  our  report,  we  must  state  that  the  analysis 
and  information  it  contains  have  been  given  in  imitation  of  the  same  kind 
of  work  done  by  Yicat  for  the  whole  of  France.    Yicat's  labours  in  that 
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direction  were  stated  by  a  commisssion  composed  of  the  most  eminent 
scientific  men  in  France  to  have  saved  thousands  of  millions  of  francs  to 
the  French  Goyemment. 

Part  IL  Giving  the  Result  of  Experimente  on  Batdla  Kankar  Cement^ 
lumt  untvashedf  used  for  Mortar  and  various  kinds  of  rammed  Concrete. 

The  Batdla  kankar  used  for  mortar  was  burnt  unwashed,  the  well-burnt 
cement  picked  out  of  the  kiln  and  pounded  bj  hand  labour.  However 
imperfect  this  pounding  was,  the  cement  used  was  not  sifted,  so  as  not  to 
increase  the  cost.  As  reducing  the  cement  to  a  fine  powder  has  been 
proved  to  be  necessary,  we  have  given  in  a  previous  report  the  plan  of  a 
mill  designed  by  Mr.  J.  L.  Watson,  Exec.  Engineer,  M4dhopur  Work- 
shops ;  this  simple  machine,  moved  by  cattle,  would  pound  the  lime  at 
one-eighth  of  the  actual  cost,  and  could  be  used  for  mortar-making. 

With  the  cement  mentioned  above,  the  repairs  of  the  boulder  masonry 
of  cascade  No.  18  and  perpendicular  fall  No.  7  were  carried  out,  and  stood 
well,  although  the  canal  water  was  rushing  on  them  six  days  after  the 
completion  of  the  repairs.  When  the  head  of  the  canal  was  closed  by 
the  flood  of  the  23rd  July,  and  the  falls  laid  dry,  the  mortar  was  found 
very  hard,  and  in  a  very  satisfactory  state. 

Different  proportions  of  stone  lime  were  mixed  with  the  cement,  as  one 
of  stone  lime  to  one  of  cement,  or  one  of  stone  lime  to  two  of  cement ; 
but  having  since  analyzed  the  BatAla  kankar  lime  burnt  unwashed,  and 
found  it  to  contain-— 

Caustic  lime,  81  parts. 
Combined  clay,  69  parts, 
we  would  now  add  88  parts  of  caustic  lime  to  each  hundred  parts  of 
cement ;  or,  to  make  it  practicable,  two  measures  of  caustic  lime  to  five 
of  cement.  This  mixture  if  analyzed  would  give  nearly  equal  quantities 
of  clay  and  caustic  lime,  which  is  the  best  proportion  of  burnt  cements 
according  to  Table  IIL 

Neat  BatAla  kankar  cement  was  tried  on  a  length  of  40  feet  of  the 
weir  built  across  the  Ravi  at  Midhopur.  When  this  work  was  examined 
after  the  subsidence  of  the  floods,  it  was  found  that  the  kankar  cement 
was  uninjured,  although  laid  last,  and  although  it  wns  in  the  line  of  what 
was  formerly  the  deepest  channel ; — ^whereas  the  stone  lime  mortar  had 
been  everywhere  worn  out  to  depths  varying  from  1  to  6  inches.    In  all 
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the  aboTe  works,  the  mortar  was  mixed  with  the  smallest  proportion  of 
water  possible,  and  was  nsed  immediately  after  being  prepared ;  none  being 
allowed  to  remain  prepared  in  the  evening  for  the  following  day. 

To  find  the  valne  of  the  kankar  lime  as  a  cementing  material  for  con- 
crete and  artificial  stones,  abont  115  blocks,  1'  x  1'  X  2',  were  made  at 
Kallair  in  the  beginning  of  Jane  1870 ;  the  greater  nnmber  of  them 
being  composed  of  two  bnmt  kankar  to  three  washed  kankar ;  80  of 
these  blocks  were  placed  in  rapid  No.  10  in  Joly  1871,  and  they  are  now 
undergoing  trial ;  20  more  are  to  be  placed  in  the  weir  of  the  dam,  and 
5  placed  in  the  weir  of  the  dam  built  across  the  Ran,  although  worn  at 
their  upper  surfaces  by  the  stream  of  boulders  passing  over  them,  have 
stood  well  during  the  flood.  However,  as  the  lime  used  for  these  blocks 
was  made  by  natives  before  we  took  charge  of  the  ezperimente,  we  do 
not  feel  as  confident  about  the  result  they  will  give  as  we  are  about  the 
other  experiments. 

In  January  1871  two  blocks  one  foot  deep,  offering  together  to  the 
current  an  horizontal  surface  of  eight  square  feet,  were  placed  in  the 
weir  of  No.  1  rapid  five  days  after  they  were  made  up ;  a  week  after  the 
canal  water  was  running  over  them.  In  July  of  the  same  year  the  canal 
being  closed,  these  stones  were  examined  and  found  very  hard,  and  in  a 
very  satisfactory  condition.    Their  composition  is— 

1  BatiU  kankar  cement  bnmt  unwashed  and  coarsely  pounded,  bat  pure ; 

2  ranr  kankar  washed  ; 

And— 

1  Bat&la  kankar  cement  bnmt  unwashed  and  coarsely  ponnded,  bnt  pnre  ; 

2  small  stones  from  bed  of  canal. 

Except  that  no  machinery  was  used,  the  manufacture  of  these  stones  was 
carried  out  as  it  is  done  in  the  Goignet's  manufacture.  They  weighed  a 
little  more  than  the  usual  140  lbs.  per  cubic  foot,  and  required  also  as 
near  as  possible  the  usual  proportion  of  160  cubic  feet  of  material  to 
make  100  cubic  feet  of  stone. 

Besides  the  above  stones,  a  few  ornamental  cornices  of  artificial  sand 
stone  were  moulded,  and  a  great  many  9-inch  little  cubes  were  manufac- 
tured, and  tried  under  the  crushing  machine  at  M&dhopur.  Table  IV. 
gives  the  crushing  weights  of  specimens  when  five  weeks  and  six  and  a 
half  months  old ;  all  the  dry  specimens  of  the  second  trial  had  been  left 
six  months  under  water  and  then  dried. 

We  have  introduced  in  this  table  a  new  featare  in  the  way  of  ezperi- 
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ments,  which  is  the  crashing  weights  of  the  specimens  when  saturated 
with  water. 

Table  lY.  gives  also  the  percentage  of  water  absorbed  by  each  kind  of 
specimen. 

The  examination  of  the  table  gives  rise  to  the  following  remarks : — ^The 
crashing  weight  obtained  for  the  onrammed  kankar  cement  shows  that  it 
is  qaite  eqaal  to  the  nataral  cements  known  in  England  as  Roman 
cements ;  its  strength  nearly  doabled  in  six  months  ander  water. 

Specimen  II.  illastrates  the  effect  of  ramming,  and  shows  that  neat 
cement  oat  of  water  coald  stand  the  highest  pressare  obtained. 

Second  to  it  in  strength  oat  of  water  comes  specimen  IIL,  bat  both 
specimens  II.  and  III.  are  beaten  in  water  by  specimen  IV . 

Specimens  Y.  and  YI.  are  composed  of  the  same  materials  and  in  the 
same  proportions ;  bat  the  mixtare  in  Y.  is  angroand,  and  in  YI.  it  is 
well  groand  in  a  stone-mill.  The  grinding  was  employed  for  two  reasons 
— laf,  to  redace  the  nameroas  slates  of  mica  to  fine  powder;  2n(l,  to  break 
the  roanded  grain  of  sand  so  as  to  make  each  new  grain  sharper  thoagh 
smaller.  The  crashing  weights  after  five  weeks  did  not  show  that  the 
grinding  was  an  improvement ;  bat,  as  it  always  happens  to  slow-setting 
material,  after  six  months  in  water  the  strength  of  No.  YI.  was  foand 
to  have  doabled,  and  it  took  the  second  place  as  far  as  strength  onder 
water  is  concerned.  The  groand  sand  mixtare  is  the  most  easy  to  moald 
and  to  ram. 

The  groand  sand  mixtare  was  ased  to  cement  a  doable  qaantity  of  split 
boalders,  and  to  compose  specimen  YII.,  which  pr6ved  to  be  of  a  very 
fair  strength  ander  water,  althoagh  containing  two-fifteenths  of  cement 
only. 

Specimens  YIII.  and  IX.  give  fair  resalts,  bat  they  do  not  come  up  to 
the  others,  except  the  angroand  mixtare  of  cement  and  sand. 

Specimen  X.  has  been  chosen  among  the  best  of  our  well-barnt  bricks, 
and  it  was  kept  also  six  months  ander  water ;  bat  its  strength,  especially 
under  water,  proved  to  be  much  below  the  strength  of  the  specimens  of 
concrete. 

The  condnsion  we  arrive  at  is  as  regards  Batdla  kankar  cement  burnt 
unwashed,  that  the  concrete  made  of  one  kankar  lime  to  two  washed  kan- 
kar is  the  best  for  saperstructure,  whereas  the  best  material  for  works 
under  water  is  the  artificial  sand  stone  when  the  mixture  is  ground. 
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surKi,        ...       ...       ...       a 

Bricks,         ■••       ...       ...       • 
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... 
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... 
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... 
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1,058 
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M. 
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«. 
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Report  D,  dated  29th  November,  1873. 

This  report  describes  the  practical  resnlts  of  all  my  experiments.  The 
report  will  be  divided  in  three  parts,  as  follows : — ls<,  natural  cements ; 
2ndf  artificial  cements ;  drd,  concrete. 

Natural  Cements. — ^The  works  on  the  B&ri  "Do&h  Oanal  as  far  as 
Aliw^  have,  I  believe,  been  constructed  with  stone  bnmt  on  the  banks 
of  the  Ghakki  torrent.  This  stone  or  boulder  lime,  if  honestly  manufac- 
tured, is  a  hydraulic  lime  of  fair  quality,  the  strength  of  which  is  manifested 
by  the  solidity  of  the  bonlder  masonry  built  with  it.  But  if  this  Hme 
is  hydraulic  enough  to  hare  been  used  on  the  canal  works  and  on  the 
Madhopur  weir,  when  it  had  plenty  of  time  for  setting  and  hardening,  it 
was  found  to  be  insufficiently  hydraulic  when  used  on  such  works  as 
the  yearly  repairs  done  to  the  rapids  and  falls.  However,  as  Portland 
cement  was  too  expensive,  and  the  existence  of  natural  cements  was  not 
an  established  fact,  stone  lime  was  still  in  use  for  those  repairs  when  I 
joined  the  canal  in  1870.  Having  fonndthat  the  Bat^a  kankar  yielded 
a  cement  of  very  quick-setting  properties,  I  asked  permission  to  superintend 
the  repairs  of  the  rapids  in  January  1871,  and  to  try  this  cement  on  thein. 
Having  found  it  to  answer,  I  asked  again  permission  to  superintend  the 
repairs  in  1872,  and  to  employ  the  cement  more  extensively.  In  Janu- 
ary 1878,  when  I  visited  the  rapids  in  company  of  the  Bupdg.  Engineer 
and  the  Exec.  Engineer,  Ist  Division,  the  repairs  made  with  kankar 
cement  were  found  in  perfect  order,  even  the  chosen  space  in  the  centre 
of  rapid  No.  10,  where  the  interstices  betweein  the  boulders  had  been 
filled  with  concrete  24  hours  before  the  re-opening  of  the  canial,  was  in  a 
very  good  condition.  As  no  trace  of  the  repairs  done  periodically  with 
stone  lime  was  to  be  found,  the.  result  obtained  with  cement  was  remark* 
able. 

In  January  1878,  I  did  not  superintend  the  repairs;  some  kankar 
cement  prepared  hastily  was  used,  but  the  majority  of  the  repairs  were 
carried  out  with  stone  lime ;  thus  it  will  be  a  matter  of  importance  to 
ascertain  when  the  canal  is  dry  again  in  January  1874,  if  the  repairs. of 
1873  have  stood,*  and  if  thmr  state  warrants  the  further  use  of  stone  lime 
on  audi  works ;  also  if  the  repairs  done  with  cement  in  1 872  have  contin- 
ued td  stand  well.  If  the  question  is  decided  in  favour  of  kankar  cement^ 
as  I  have  no  doubt  it  will  be,  the  first  practiced  result  of  my  experiments 
will  be  the  introduction  of  a  natural  cementi  the  use  of  which  will  make  the 
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repairs  of  the  rapids  more  durable,  and  will  consequently  diminish  the 
number  and  duration  of  closures,  so  expensive  and  so  injurious  to  the 
interests  of  the  canal. 

As  a  proof  of  the  good  results  obtained  with  the  cement  at  M&dhopnr, 
I  have  only  to  state  that  I  am  indented  on  for  cement  whenever  such  a 
material  is  required. 

As  Batfla  cement,  which  has  to  be  carried  all  the  way  from  Baniah 
Dh^riw^l,  where  it  is  made,  to  the  head  of  the  canal,  costs  half  as  much 
again  as  stone  lime,  this  being  one  of  the  greatest  objections  against  it,  the 
qualities  of  the  kankars  nearer  M^dhopur  were  studied  and  tried.  The 
Path&ikot  block  kankar  was  found  to  yield  an  eminently  hydraulic  lime  of 
first-rate  setting  and  cementing  qualities,  and  several  hundred  feet  of  it 
were  burnt  and  used  on  the  M&dhopur  weir  and  on  the  rapids.  However, 
the  digging  for  this  kankar  being  deep,  and  the  fuel  expensive,  the  burnt 
kankar  was  found  to  cost  a  little  less  only  than  the  Bat&la  cement.  The 
1st  Division  is  now,  I  believe,  burning  the  PathAnkot  kankar  for  the 
repairs,  and  is  trying  to  reduce  the  former  cost  to  a  minimum.  The 
calcareous  deposits  in  the  slopes  looking  towards  the  valley  of  the  Beas 
from  Bhimpnr  to  the  Kahnow&n  bund  were  found  to  produce  cements  and 
eminently  hydraulic  limes,  but  they  are  so  much  intermixed  with  calcareous 
sand  stones  containing  too  much  silica  in  the  state  of 'sand,  and  flat 
kankars  containing  too  much  dissolved  silica,  that  thorough  discrimina* 
tion  is  difficult,  and  the  cements  obtained  generally  poor.  However,  the 
Officers  of  the  1st  Division  are  now  endeavourmg  to  take  advantage  of 
these  deposits.  I  can  therefore  claim,  as  one  of  the  results  of  my  experi- 
ments, the  opening  of  new  sources  of  cementing  materials,  which  materials 
were  formerly  believed  to  be  very  inferior. 

Again,  to  reduce  the  expensiveness  of  mortar  made  with  cement,  the 
mixture  of  this  material  with  sand  was  experimented  upon,  and  em- 
ployed to  carry  out  extensive  repairs  at  the  bottom  of  the  upper  cistern  of 
cascade  No.  18.  This  experiment  was  made  under  great  disadvantages, 
as,  being  short  of  time  and  of  cement,  this  material  was  very  roughly 
ground,  and  its  mixture  with  unsifted  stone  lime  and  rough  sand  pro- 
duced a  mortar  of  slow-setting  properties.  Besides,  the  toe  of  the  repaired 
wall,  having  no  foundation  below  the  surface  of  the  flooring,  was  unpro- 
tected. When  the  work  was  examined  in  January  1873,  it  was  found 
that  about  one-quarter  of  it  had  been  carried  away  by  the  incessant  grind- 
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iDg  of  pebbles  and  sand  which  takes  place  at  the  bottom  of  the  cistern. 
Tliis  would  look  discouraging  if  the  case  was  to  be  judged  superficially ; 
but  when  the  disadyantages  under  which  the  mortar  was  made  are  thought 
of,  when  it  is  known  that  no  good  pointing  was  used  to  protect  the 
mortar  whilst  setting,  it  will  be  admitted  that  the  experiment  is  not  con- 
elusive  either  way,  and  ought  to  be  repeated.  As  I  have  used  sand 
suocessfnlly  for  concrete,  I  haye  no  doubt  myself  that  it  can  be  used  for 
mortar  with  safety. 

Artificial  Cement.— 'The  experiments  on  this  cement  have  gone  through 
their  first  stage.  The  paste  prepared  by  the  dry  process,  and  burnt  in 
a  flame  kiln  was  found  to  produce  a  cement  too  slow-setting  for  practical 
purposes,  and  which  is  not  likely  to  attain  the  high  d^ree  of  induration 
of  Portland  cement.  The  cause  of  this  weakness  is,  that  the  kankar 
used  for  the  paste  haying  been  ground  unwashed,  the  quantity  of  carbonate 
of  lime  in  the  sample  was  too  small. 

The  sample  now  being  prepared  has  been  made  with  washed  kankar,  and 
a  rough  analysis  shows  it  to  contain  about  68  per  cent,  of  carbonate  of  lime. 
A  small  specimen  burnt  in  a  crucible  has  shown  a  high  degree  of  hydrau« 
licity.  This  sample  ought,  therefore,  to  giye  very  good  results.  If  it 
answers  my  expectation,  and  shows  a  strength  nearly  equal  to  that  of  Port- 
land cement,  I  shall,  if  permitted  to  do  so,  submit  plans  and  estimatea  for 
a  cement  factory  moved  by  water-power  and  situated  in  a  convenient  site. 

Concrete. — My  experiments  on  small  blocks  have  been  described  in 
the  report  of  the  17th  October,  1872.  The  results  obtained  show  that 
the  strength  of  BatiSla  cement  is  equal  to  that  of  Roman  cement,  and 
that  sand  can  be  used  with  it  in  the  proportion  of  1  to  1  or  even  2  to  S. 
The  most  important  results,  however,  are  those  which  show  that  if  bad 
sand,  even  when  full  of  mica  slates,  is  ground  with  the  cement,  it  produces 
a  slow-setting  powder  whose  ultimate  induration  in  water  is  almost  equal 
to  that  of  neat  cement.  As  many  kankars  yield  cements  and  hydraulic 
limes  superior  in  strength  to  that  of  Batila,  and  which  can  stand  a  much 
greater  proportion  of  sand  to  cement  than  2  to  8,  their  use,  ground  with 
the  bad  sands  of  the  Punjab,  is  worth  a  trial,  as  such  a  fine  powder  would 
combine  cheapness  with  the  fine  qualities  required  for  concrete  and  mortar 
paste. 

The  experiments  on  large  blocks  commenced  in  January  1871,  when 
I  placed  two  blocks  2'  X  2'  X  1'  in  the  weir  of  No.  1  rapid.    These 
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blocks  had  been  allowed  four  days'  settiog  only  before  being  laid  in  tbe 
weir ;  a  week  after  the  canal  water  was  running  oyer  them.  They  stood 
yery  well,  alihoagh  the  great  flood  of  July  1871,  and  a  mass  of  timber 
had  passed  oyer  them,  so,  the  canal  being  dry  after  the  flood,  80  blocks, 
2'  X  1'  X  1',  made  in  April  and  May  1870,  were  laid  in  the  last  third  of 
rapid  No.  10.  These  were  visited  in  the  beginning  of  the  years  1872 
and  1873,  and  were  fonnd  to  haye  stood  yeiy  well,  although  some  show 
3igns  of  inferior  manufacture.  It  was,  I  think,  concluded  from  this  experi- 
ment that  such  blocks  would  do  yery  well  for  the  floorings  of  the  new  falls. 
The  concrete-block  machine  designed  with  the  yiew  taram  the  blocks 
with  greater  rapidity,  to  impart  to  them  a  higher  and  more  equable  specific 
gravity,  ia  now  in  progress  at  the  Mddhqpur  Workshops. 


NaU  by  Oa?taiv  B.  H.  Palmbr,  8.0. ,  dattd  18lA  December,  1878. 

Mr.  Nielly  has  been  most  careful  and  industrious  in  ascertaining  the 
various  qualities  of  the  kankar  nodule  in  his  neighbourhood,  and  in  de- 
termining the  best  method  of  burning  and  preparing  hydraulic  lime  thence 
obtained.  The  lime  is  undoubtedly  excellent,  and  its  good  effects  are  visi- 
ble on  the  works  where  it  has  been  used,  notably,  where  I  have  seen  it 
myself  on  the  M&dhopur  weir,  where  it  has  stood  the  eroding  effect  of  the 
river,  where  the  other  mortar  (composed  of  stone  lime  and  stirki)  has 
been  scoured  out.  The  great  cost  of  this  lime  prevents  its  being  brought 
into  more  general  use,  and  it  is  hoped  that  before  long,  further  experiments 
will  lead  to  a  more  economical  proportion  of  the  material ;  great  credit 
is,  however,  due  to  Mr.  Nielly  for  his  labours. 

As  regards  the  concrete  blocks,  the  rate  per  100  cubic  feet  is  very  high, 
being  equal  to  fine  brickwork ;  at  the  same  time  the  blocks  prepared 
by  Mr.  Nielly  are  much  finer  in  their  texture  than  is  required  for  the 
purposes  for  which  they  would  be  employed  on  the  canal,  being  prepared, 
as  Mr.  Nielly  describes,  more  on  the  Goignet  system ;  the  blocks  are 
more  adapted  for  cornices  and  mouldings  than  for  the  floorings  of  falls 
and  bridges,  it  is  probable  that  blocks  suitable  for  this  description  of  work 
could  be  made  for  about  half  the  cost  of  those  under  reference. 

Report  E,  dated  29th  December,  1873. 

CoBt  of  Natural  CemenU, — The  cost  of  lime  or  cement  is  a  quantity 
BO  susceptible  of  variation,  according  to  the  density  of  the  raw  material. 
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its  abundance  in  the  soil,  the  temperature,  the  cost  of  fael,  the  distance 
the  material,  either  raw  or  burnt,  has  to  be  carried,  that  it  is  diflScult 
to  give  an  accurate  and  constant  rate  even  for  one  single  place.  How- 
ever, I  will  endeavour  to  give  an  estimate,  as*  close  as  possible  to  the 
truth,  of  Batfla  natural  cement  during  the  hot  weather.  Then  the  dif- 
ference which  the  cold  weather  and  the  carriage  to  site  of  work  will  be 
taken  in  account,  and  rates  for  different  places  struck  out. 

DetaU  of  Rate». 

Ba  A.  p. 
Excavation  of  100  cubic  feet  raw  kankar  about  8  ^t  deep,  =  112  0 
Supervisioii  per  „  „  „  ...=040 

Bent  of  land  „  „  „  ...       0    8    0 

Total  coat  of  100  cubic  feet  raw  kankar,  ... 

Goat  of  fuel  (6pla)  per  100  cabic  feet. 
Making  up  the  kiln,  per  100  cubic  feet  raw  kankar, 
Picking  np  the  cement,  per  100  coble  feet  cement, 
Best  hand-poonding  of  the    cement,  per  100  cnbic  feet 
cemeob,  ..•  ...  •••  ... 

From  the  above  rates  we  may  dedace  the  cost  of  100  cubic  feet  natural 
cement  in  the  following  way,  not  neglecting  the  facts  that  nearly  150 
cubic  feet  of  raw  kankar  aie  required  to  produce  aboat  100  cubic  feet  of 
cement,  and  that  in  the  hot  season  2  by  measure  of  fuel  to  1  of  raw 
kankar  is  the  proper  proportion,  whereas  in  the  cold  weather  2*5  of  fuel 
to  1  of  raw  kankar  is  the  proportion.  Should  the  kankar  be  washed 
before  burning,  from  8  to  3-5  of  fuel  would  become  necessary. 

CalcuiatUnk  qf  iht  eott  ^  100  cMofwtt  Jiatural  Cmnewt  «t  Satdla, 

B&  A.  p. 
150  cubic  feet  raw  kankar,  at  Ra  2-8  per  100  cnbic  feet,  ...  =  8    4    6 

800  cnbic  feet  6pla,  at  Ba.  2  per  100  cubic  feet,  ...  =  6  0  0 

Making  np  the  kiln,  per  100  cubic  feet  raw  kankar,  ,..  =  2  1  0 

Picking  up  the  cement,  per  100  cubic  feet  cement,  ...  a  2  7  0 

Best  hand-pounding  of  the  cement,  •••  ...       4  0  0 

CoBt  of  100  cubic  feet  natural  cement,  total,     ...     17  12    6 

Adding  to  this  rate  the  increment  for  one-fourth  more  fuel  during  the 
winter,  and  the  cost  of  carriage  at  8  annas  for  short  distances  and  6 
annas  for  the  longest,  we  get  the  following  rates  for  the  different  sites  of 
work  along  the  canal : — 


2 

8 

0 

2 

0 

0 

1 

6 

0 

2 

7 

0 

4 

0 

0 
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Mates  of  Natural  Cement. 


Names. 

Bates  daring 
hot  season. 

Bates  daring 
oold  season. 

B& 

B& 

Aliw&I, 

••• 

'    19781 

21-281 

Kila  L&l  Singh, 

••• 

20-281 

21-781 

Ennjar, 

••■ 

22-281 

23-781 

Kallair, 

•■• 

26781 

27-281 

Rania, 

••• 

23-781 

26-281 

Talwandi, 

••• 

26-781 

27-281 

B&biali, 

••• 

26781 

28-281 

Tibri, 

••t 

27-781 

29-281 

M&dhopnr, 

••• 

86781 

87  281 

These  rates  might  be  redaced  by  grinding  the  cement  in  native  mills. 
The  best  way  to  do  this  cheaply  and  conveniently  would  be  to  obtain  from 
the  Ist  Division,  and  bnild  as  near  the  canal  falls  as  possible,  kacha 
mills  which  could  after  completion  of  our  works  be  let  out  to  native 
millers.  If  we  pay  for  these  mills  a  water-rate  of  4  annas  per  day  and  per 
pair  of  stones,  and  if  we  assume  that  each  pair  will  grind  50  cubic  feet  per 
day  with  the  attendance  of  two  millers  at  4  annas  each,  the  grinding  will 
cost  Re.  1-8  per  100  cubic  feet;  add  to  this  Re.  1  for  roughly  breaking 
the  cement  before  giving  it  to  the  mills,  and  the  total  cost  of  grinding 
will  be  Rs.  2-8  instead  of  Rs.  4.  By  using  mills,  we  shall,  therefore,  gain 
by  two  ways — lat^  in  greatly  lowering  the  rate ;  2ndy  in  reducing  the 
cement  to  very  fine  powder,  which  is  an  advantage  of  no  mean  value. 

Ratee  of  AiUfioial  Cements  at  Rania, 


200  cubic  feet  raw  kankar  (to   prodace  100  cubic  feet 

cement),  at  Ra.  7-487  per  100  cubic  feet. 
Washing  200  cubic  feet  kankar,  at  Re.  1  per  100  cnbic  feet, 
Grinding  and  sifting,  at  Rs.  60  per  100  cubic  feet  raw 

Kankar,  •■•  ...  ««.  ,,, 

Making  the  ground  kankar  into  cakes,  at  Rs.  3  per  100 

cubic  feet  ground  stuff , 
50  maunds  wood,  ,.. 
Labour  of  bnnung  100  cubic  feet  cement, 


••• 


Carried  over, 


••• 


=  14  875 
2000 

100-000 

4-000 

12-600 

6-000 

138-375 
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B8. 
BroQglit  forward,  ..       188-875 
.Grindiug  and  sifting  the  cement,  at  Rs.  100  per  100  cubic 

teety       •••  •••  •••  •••  •••       luu'uuu 

Coat  of  100  cnbic  feet  artificial  cement  worked  by  band, 

toUl,       ...  ...  ...  ...  ...       238876 

The  cost  of  one  cnbic  foot  wonld  then  be  Rs.  2*888. 
These  rates  might  be  easily  redaced  by  choosing  a  convenient  site  for  a 
factory  capable  of  producing  100  cubic  feet  per  day,  and  by  employing 
natire  mills  as  a  grinding  and  moving  power.  If,  for  instance,  we 
choose  Aliw^,  in  the  vicinity  of  which  there  is  abundance  of  kankar, 
and  where  plenty  of  water-power  may  be  obtained,  where,  besides,  large 
buildings  are  available,  the  rate  would  become  as  follows :— - 

Ditails  of  Rate, 

BS. 

200  cnbic  feet  raw  kankar,  at  Rs.  8-562  per  100  cnbic  feet,  7*124 

Washing  the  above,  at  Re.  1  per  100  cubic,  feet,  ...  2*000 
Grinding  and  sifting  by  water-power,  at  R&  5  per  100  cnbic 

feet,                         ...               ...              ...               ..•  10000 

Making  the  gronnd  kankar  into  cakes,  at  Rs,  8  per  100 

cnbic  feet  gronnd  kankar,          ...              ...              ...  4*000 

50  mannds  wood,                           ...               ...               •••  12*500 

Labour  of  bnming,  ...  •••  ...  5*000 
Grinding  and  sifting  the  cement,  •••              •••               ...       •  10*000 

Cost  of  making  100  cnbic  feet  artificial  cement,  total,   ...        50*624 

or  eight  annas  per  cubic  foot  of  89  lbs.,  or  112  lbs.  per  bushel.  It  would 
be  premature  to  compare  this  rate  with  the  rate  in  England  for  Portland 
cement,  because  the  strength  of  the  sample  of  artificial  cement  just 
manufactured  has  not  yet  been  tried.  This  sample  is  good  as  far  as 
hydraulicity  goes,  but  its  strength  cannot  be  known  before  the  beginning 
of  January  1874. 

Co8t  of  Concrete  made  with  Natural  Cement. — When  concrete  is  well 
rammed,  160  cubic  feet  of  materials  are  required  to  make  100  cubic  feet 
of  concrete.  The  proportion  of  mixture  being  one  of  cement  to  3  of  raw 
kankar,  40  cubic  feet  of  cement  and  120  cubic  feet  of  kankar  will  be 
required  per  each  100  cubic  feet  of  concrete ;  then  the  cost  of  100  cubic 
feet  raw  kankar  being  as  given  in  column  2  ;  the  cost  of  concrete  blocks 
per  100  cubic  feet  at  various  places  along  the  canal  will  be  as  entered 
in  column  6. 
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fl 

8 

4                       6 

6 

NamM  of  Places. 

Coitof 

ksnkar  per 

100  cubic  feet 

Coet  of  labor 
and  monld  at 
3  annaa  per 
cubic  foot. 

Ooet  of  120 

cubic  feet 
kankar. 

Co0tof4O 

cubic  feet 
cement. 

Coetof  con- 

Crete  blocks 

per  100  cable 

feet. 

Aliw&l, 

Kila  Lai  Singh, 

Kanjar,         ...         «.. 

Kallair,         

l«ania,            •••          ... 
Talwandi,     ••• 

Bab&ili,        ... 
Tibri,            ..•          ••. 

From  BcUdla. 
RS. 

8-:>62 

4  375 
6125 
7  876 
7-437 
8-750 

From  Beeu 
Oopet. 

7-500 

6500 

BS. 

18-75 
18-75 
18-76 
18-75 
1875 
18-75 

18-76 
18-75 

BS. 
4-274 
5-250 
7-3q0 
9-450 
8-924 
10-500 

9000 
7-800 

Ba 

7-900 
8100 
8-900 

10-300 
9300 

10-300 

10-700 
11100 

BS. 
80-924 
-    82100 
35-000 

88  500 
86-974 

89  550 

88-450 
87  650 

The  above  rates  will  be  considered  high  ;  what  makes  them  so  is  espe- 
cially the  cost  of  carriage,  and  also  that  of  Ubonr — expenses  little  sus- 
ceptible of  redaction:  The  cost  of  laboar  is  that  of  blocks  made  on  the 
Coignet  system,  and  if  it  was  rednced,  it  wonld  be  at  the  expense  of  the 
homogeneity  and  durability  of  the  blocks.  The  concrete  block-machine 
is  expected  to  effect  a  saying,  but  it  has  yet  to  be  prored  by  experiments. 

Report  Ty  dated  18th  April,  1875. 

Plcdn  chemical  composition  of  Kankara,  ^c. — The  Appendix  F'  con- 
tains a  list  of  analyses  made  by  Mohr  s  process ;  most  of  them  were 
checked  by  Lieut.  6.  Jacob,  R.E.  The  Si&lkot  kankars  were  analyzed 
with  a  view  to  their  being  nsefnl  on  projected  canals  in  the  Bechna  Do4b. 

The  main  results  from  these  analyses  are — 

l<t. — ^That  there  is  in  the  Hoshi&rpar  District  a  honey-comb,  shelly  tafa  deposit  as 
rich  in  carbonate  of  lime  as  many  of  the  chalks,  and  which  coald,  therefore, 
be  nsed  for  the  manaf actare  of  Portland  cement  The  deposit  is  reported 
to  be  extensive,  and  it  does  not  seem  to  be  a  solitary  one  in  Upper  India, 
as  the  Roorkee  Treatise  speaks  of  a  similarly  rich  deposit  at  Behmorri,  in 
the  Gorakhpnr  District,  North-Westem  Provinces. 

2rcI.— That  the  Vahn  kankar  and  similar  ones  might  be  osed  for  artificial  cement 
without  the  admixture  of  day ;  bnt  their  most  excellent  qnalitieB  as  natoral 
cements  wonld  preclode  the  incnrring  of  an  extra  expenditure  for  making 
them  artificial. 

3ri{.— That  all  the  ordinary  kankars  are  not  safficiently  rich  in  carbonate  of  lime 
for  the  manofaetnre  of  artificial  cement 

4^-*-That  the  majority  of  nodnlar  kankars  contain  when  washed  from  49  to  54*5 
per  cent  of  carbonate  of  lime,  bat  when  not  washed  from  32  to  89  per 
cent  As  the  tenacity  of  burnt  kankars  must  be  greatly  diminished  by 
leaving  them  nnwashed,  the  worst  kinds  espeemlly  ought  to  be  washed  if 
great  tenacity  is  a  desirable  object 
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Neat  Cement. 

ErperimentM  on  Tenaeitff.^BatklA  lumkar,  one  month 

old,  mean, t        •••       61  lbs.  per  sqnare  inch. 

Bat&la  kankar,  six  months  old,  mean, 75  „  „  „ 

n  »       twelve  „       ,9      n  •••        82   „  „  „ 

Path&nkot  kankar,  foor  months  old,  mean,  .».        ...  27   „  „  „ 

Artificial  Cement. 


n  ft  n 

n  u  n 


If  II  I* 

19  M 


Made  with  Batala  kankar,  one  year  old, 51 

Half  artificial,  half  natoral,      „         „     93 

Tenacity  of  Concrete. — ^B6fcon  made  with  Bat&la  kankar 

burnt  with  wood  and  raw  kankar  in  the  proportion  of 

2  to  8,  two  months  and  twenty  days  old,  106 

The  same,  the  kankar  bnmt  with  Opla,     67   „ 

B^ton  made  with  kankar  sent  for  trial  by  B.  C.  Falmer, 

Esq.,  two  and  a  half  months  old, 131    „  „  „ 

The  tenacity  of  the  Batdla  cement  is  scarcely  one-tenth  of  Portland ; 
Batdla  can  only  be  classed  among  the  weak  Eoman  cements.  Weak  as 
it  is,  it  is,  however,  greatly  saperior  to  Path^nkot  staff,  whose  weakness 
takes  one  by  surprise,  as  its  strength  under  compression  is  great.  It  must 
be  remarked  that  the  Path&okot  is  reddish  before  and  after  burning,  and 
this,  it  is  thought,  is  a  general  sign  of  weaknes,  the  dark  grey  colour 
of  the  clay  which  surrounds  the  kankar  being,  on  the  contrary,  a  sign  of 
strength. 

The  tenacity  of  concretes  is  very  instructive,  as  it  shows  itself  to  be 
much  greater  than  the  tenacity  of  neat  cement.  Mr.  Palmer's  kankar 
especially  is  remarkably  strong,  as  one  of  the  specimens  required  the 
great  weight  of  168  lbs.  per  square  inch  fo  break  it.  This  is  almost 
equal  to  Portland  cement  and  sand  in  the  proportion  of  1  to  2. 

The  difference  in  tensile  strength  made  by  the  difference  in  the  fuel  used 
is  also  very  instructive,  and  points  to  the  conclusion  that,  if  confirmed  by 
further  experiments,  ^pla  ought  to  be  rejected  for  fuel. 

Notes  an  Art^icial  Cements  made  with  Kankars.^-Uhe  artificial  cement 
made  obtained  a  tenacity  of  only  51  lbs.  per  square  inch  after  one  year. 

The  cause  of  this  weakness  is  the  deficiency  of  carbonate  of  lime  in  the 
kankar  as  shown  in  Appendix  E'. 

The  main  result  of  the  experiments  is  not,  therefore,  the  production  of  a 
good  artificial  cement,  but  the  proof  of  the  practicability  of  oyerburning 
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the  artificial  cements  with  a  flame  kiln  composed  of  one  circular  shaft  con- 
nected with  one  pair  or  more  of  opposite  furnaces  fed  with  wood,  the  flames 
of  which  converge  in  the  axis  of  the  shaft. 

It  was  found  that  the  plainest  method  of  making  cement  nodules  or 
cakes  was  to  manufacture  them  by  hand  into  small  buns  about  2^  inches 
in  diameter  and  half  an  inch  in  thickness. 

Notes  on  Concrete, — For  each  100  cubic  feet  of  concrete  200  cubic 
feet  of  kankar  are  required.  The  smaller  the  kankar  is  the  better.  If 
small  stuff  is  not  procurable,  the  kankar  ought  to  be  passed  through  a 
screen  with  intervals  of  |-inch  between  the  wires ;  the  larger  pieces  are 
used  for  burning ;  the  smaller  are  washed  and  used  for  the  concrete. 
'  The  kankar  burnt  with  6pla  sets  faster,  and  is  much  more  unctuous 
{chiknay  the  natives  would  say)  than  the  kankar  burnt  with  wood.  For 
burning  with  wood,  the  native  circular  clamp  as  used  for  burning  boulder 
lime  stone  will  answer.  The  experiments  on  tenacity  show  that  the  cement 
burnt  with  dpla  has  only  frds  of  the  strength  of  the  cement  burnt  with 
wood.    This  fact  will  be  tried  again  for  confirmation. 

To  manufacture  the  blocks,  the  kankar  well  washed  is  mixed  in  its  wet 
state  with  the  cement ;  then  a  quantity  of  water,  varying  from  25  per 
cent,  of  the  weight  of  the  cement  during  wet  days  and  during  the  winter, 
to  35  per  cent,  during  the  hot  dry  heat  of  the  smnmer,*  is  slowly  added 
to  the  mixture.  This  mixture  ought  to  be  briskly  and  methodically 
shovelled  whilst  the  water  is  dropped  on  it.  The  stuff  so  prepared,  in 
small  quantites,  on  account  of  the  fast-setting  qualities  of  kankar  cement, 
is  carried  to  the  moulds  and  rammed  in  layers  of  about  8  or  4  inches,  each 
layer,  when  complete,  being  thoroughly  scraped  to  ensure  its  getting  well 
joined  to  the  next  layer.  When  the  block  is  finished,  the  mould  is  taken 
out  without  difficulty,  and  the  block  gently  upset  on  a  layer  of  sand.  The 
rammers  are  rectangular  in  form,  and  weigh  eight  seers. 

The  grinding  of  the  sand  full  of  mica  with  the  cement  gives  good  re- 
sults for  superstructure,  and  for  mortar  under  still- water,  when  the  cement 
used  is  not  very  stong,  as  the  Batdla ;  but  it  gives  good  results  under 
water  in  any  position  if  used  in  connexion  with  a  very  good  cement,  like 
that  of  Vahn.  It  would  be  advisable,  therefore,  to  employ  it  but  only 
when  great  facilities  for  grinding  in  a  mill  are  at  hand,  and  when  it  really 
effects  a  saving  in  the  cost  of  mortar  and  concrete. 

*  fid*  ranarlu  upon  tSieee  qnantitiei  of  water  in  iuidenigaed*8  pAptr  on  Mr.  King's  ezperimenli. 
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APPENDIX  F'- 

Analyses  of  Kankars^  Tufas^  4rc.f  hy  Mohr'a  process. 
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Report  O,  dated  10th  April,  1875. 
Remarks  on  some  details  of  the  Experiments  made  by  M.  KiHOy  Esq., 

4 

Assist  Engineer. 

It  is  stated  by  Mr.  King  that  yarions  clays  would  be  mixed  with  the  hy- 
drate of  lime :  as  it  has  been  inferred  from  past  experiments  that  the  bine 
river  clay  was  necessary  for  the  manufactnre  of  artificial  cement,  it  wonld 
be  nsefol  if  Mr.  King  stated  which  kinds  of  clays  he  used  answered  best, 
and  what  were  their  components.  The  attempts  at  artificial  cement,  made 
here  with  the  kankar  reduced  to  powder,  and  treated  by  the  German 
process,  failed  to  produce  a  strong  cement. 

The  needful  degree  of  heat  may  be  obtained  without  bellows  and  with 
wood  for  fuel,  by  using  a  flame-kiln  composed  of  one  circular  shaft  con- 
taining the  stuff,  heated  up  by  two  opposite  furnaces,  whose  flames  would 
converge  in  the  axis  of  the  shaft. 

An  easier  way  of  making  test-bricks  is  obtained  by  employing  iron- 
moulds  in  two  pieces,  and  by  using  the  following  process  of  making  beton. 
The  process  consists,  instead  of  reducing  the  natural  cement,  or  the  ordi- 
nary mixture  of  lime  and  s(irki,  to  the  consistency  of  a  paste,  in  mixing 
with  such  cement  or  such  mixture  a  weight  of  water  equal  to  from  0-25 
to  0'35  per  cent,  of  its  weight,  the  greatest  proportion  being  used  when 
the  atmosphere  is  the  hottest  and  most  dry.  With  overbumt  artificial 
cement  like  Portland,  the  proportion  of  water  is  much  smaller  (vide  Gill- 
more,  para.  92). 

The  effect  of  this  minimum  quantity  of  water,  which  leaves  the  stuff  in 
an  apparently  incoherent  state,  is  that— «        ' 

\st.    The  ramming  is  done  without  any  difficulty,  no  qnicksand  motion  taking  place. 
2nd.    No  adhesion  occors  between  the  bricks  and  the  sides  of  the  moald,  which 

moald  can  be  removed  at  once  and  nsed  for  making  more  bricks. 
^d.    The  bricks  can  be  gently  handled  and  placed  in  water  24  hoars  after  mann- 

f  actore.    Patting  the  bricks  in  water,  or  wetting  them,  immediately,  or 

too  soon  after  manofactare,  is  injarioos. 

The  mould  ought  to  rest  on  a  small  flat  piece  of  wood  or  platform 
placed  on  a  few  inches  of  sand  to  check  the  vibration  caused  by  ramming. 
After  removal  of  the  mould,  the  brick  resting  on  its  platform  is  put  in  a 
safe  place.  The  test  of  brioks  made  by  the  above  process  gives  the  value 
of  cement  or  lime  for  b^ton. 
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Almost  all  what  is  said  before  can  be  applied  to  the  manufacture  of 
blocks  of  any  size,  and  the  process  described  above  has  been  proved  to  be 
remarkably  sailed  to  the  manafacture  of  kankar  b^ton.  It  was  found, 
howoTer,  that  if  the  cement  or  lime  employed  was  not  mixed  naturally 
with  a  BuflSqient  amount  of  clay,  or  artificially  with  a  sufficient  amount  of 
stirki,  or  puzzoiana,  or  sand,  cracking  would  take  place  when  immersion 
of  the  sample  is  made  after  the  usual  interval  of  24  hours.  Therefore, 
before  using  any  stuff  rich  in  carbonate  of  lime,  it  is  advieiable  to  make 
a  few  little  blocks  or  bricks  as  described,  and  with  the  lime  mixed  with 
various  proportions  of  surki,  or,  for  cheapness  sake  with  good  sand ; 
then  a  mean  between  the  proportions  which  would  give  the  smaller  amount 
of  cracking  and  no  cracking  at  all  after  immersion,  would  give  very  nearly 
the  proper  proportion  of  lime  to  sdrki  or  sand. 

The  proportions  of  water  given  for  b^ton  are  actually  in  use  on  an  ex- 
tensive manufacture  of  kankar  blocks  for  the  B&ri  Do^b  Canal;  these 
proportions  give  to  the  b^ton  the  greatest  density,  as  being  very  nearly  the 
amount  required  chemically  for  hydration;  the  porosity  caused  by  the 
evaporation  of  the  excess  of  water  generally  used  and  generally  thought 
to  be  necessary  is  eliminated. 

A.  N. 


II.     Bevisw  of  prbcedimo  Bbports,  by  Thomas  Hioham,   Esq., 

ExBo.  Engine KR. 

The  value  of  any  concrete  depends  so  materially  on  the  quality  of  the 
lime  employed,  that  it  will  be  convenient  to  consider  this  question  first, 
and  to  note  those  parts  of  Mr.  Nielly's  reports  that  refer  to  the  manufac- 
ture of  lime. 

The  limes  available  in  the  1st  Division,  B&n  Dodb  Canal,  are  the  fat 
stone  lime  procurable  from  M^miin  near  Pathlinkot,  and  kankar  lime 
procurable  from  various  kankar  deposits  between  Pathdnkot  and  Bat^la. 
The  former  makes  an  excellent  mortar  when  mixed  with  good  s^rki, 
in  the  proportion  of  about  1  to  1*5,  but  does  not  set  readily  under  water. 
I  understand  that  kankar  lime  was  employed  freely  during  the  construc- 
tion of  the  canal,  and  that  it  was  used  exclusively  in  at  least  three  rapids ; 
but  judging  from  the  large  stores  of  stone  lime  collected  for  the  remodelling 
works,  and  the  fact  that  it  had  until  lately  been  almost  universally  used 
throughout  the  Division,  it  would  appear  to  have  grown  out  of  favour  before 
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Mr.  Nielly*8  experiments  were  made.  The  reason  of  this,  in  the  upper 
part  of  the  Division,  was  probably  the  comparative  cheapness  of  stone  lime, 
and  the  very  admirable  mortar  that  it  gives  in  composition  with  stiki 
when  not  required  to  set  nnder  water.  Lower  down  the  conditions  of 
economy  are  reversed,  and  it  is  difficult  to  account  for  the  scant  degree  in 
which  it  was  employed,  except  on  the  supposition  that  careless  burning 
and  unscrupulous  mixture  of  ashes  and  underbumt  kankar  had  led  to  a 
prejudice  against  it.  Such  a  prejudice  must  have  been  permanently  removed 
by  the  excellent  specimens  obtained  by  Mr.  Nielly  from  kankar  lime,  and 
he  deserves  great  credit  for  the  care  that  he  has  bestowed  on  the  selection 
and  burning  of  the  kankar,  and  for  the  persistency  with  which  he  has 
preferred  the  use  of  kankar  to  that  of  stone  lime.  Attention  is  drawn 
to  the  satisfactory  result  given  by  the  use  of  kankar  lime  in  the  repairs 
of  rapid  No.  10,  alluded  to  in  Report  D,  in  a  position  where  stone  lime 
had  constantly  failed. 

Mr.  Nielly  applies  the  name  of  cement  to  the  kankar  lime  thus  obtained. 
In  support  of  the  term,  he  adduces  the  authority  of  Vicat  as  covering 
the  application  of  the  word  to  all  limestones  in  which  the  percentage 
of  carbonate  of  lime  varies  from  73  to  39  per  cent. — see  Table  IIL, 
Report  G.  This  is  a  wide  range,  and  certainly  none  of  the  limes  hitherto 
obtained  can  be  called  cements  in  the  sense  in  which  the  word  is  used  by 
English  Engineers.  Bankine  gives  the  percentage  of  carbonate  of  lime 
in  a  natural  cement  at  41 ,  and  adds  the  practical  test  that  it  must  harden 
under  water,  so  as  to  resist  the  pressure  of  the  finger,  in  a  few  minutes. 
As  will  be  shown  further  on,  the  lime  obtained  does  not  fulfil  this  test, 
and  it  seems  to  me  a  misleading  term  to  apply  to  materials  that  bear  no 
resemblance,  either  in  point  of  tenacity  or  rapidity  of  setting,  to  what  is 
generally  understood  in  England  by  the  word  cement.  It  is  an  eminently 
hydraulic  lime,  but  not  a  cement;  and  it  will  be,  I  think,  convenient 
to  drop  the  use  of  the  latter  word. 

In  regard  to  the  process  of  burning  with  lipla,  Mr.  Nielly  states,  in 
Beport  B,  that  a  kiln  burnt  with  lipla  and  kankar,  in  the  proportion  of 
2  to  1,  resulted  in  an  out-turn  of  50  per  cent,  underbumt  lime;  but  that 
when  he  raised  the  proportion  of  iipla  to  three  times  the  bulk  of  kankar,  the 
underbumt  portion  was  only  5  per  cent,  of  the  whole.  In  Beport  E,  he 
states  that  2  cubic  feet  iipla  to  1  of  raw  kankar  suffice  in  the  hot  weather ; 
but  that  this  should  be  raised  to  2^  cubic  feet  in  the  cold  weather.    In  the 
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2Qd  Difision,  where  kankar  lime  is  nniyersally  employed,  the  Qsual  pro- 
portions are  3  to  1,  and  as  a  general  rale  not  less  than  2(  should  be  em- 
ployed, thongh  of  coarse  the  quantity  mast  vary  slightly  with  the  com- 
position of  the  kankar  employed.  With  washed  kankar  Mr.  Nielly  gi^es 
3  to  3^  as  the  proper  proportion. 

In  the  same  Beport  E,  it  is  stated  that  150  cnbic  feet  raw  kankar  are 

required  to  produce  100  cnbic  feet  lime.     The  result  of  manufacture  on  a 

« 

considerable  scale  at  Kila  L41  Singh,  to  be  referred  to  afterwards,  shows 
that  nearly  160  cubic  feet  were  used  for  every  100  feet  of  lime  burnt. 

The  careful  unloading  of  the  kiln  is  a  matter  of  great  importance. 
Mr.  Nielly  has  the  pieces  of  burnt  kankar  picked  out  by  hand,  and  all  under- 
burnt  pieces,  ashes  and  fine  stuff  most  carefully  separated.  The  process 
is  rather  laborious,  but  very  necessary,  and  neglect  of  it  is  no  doubt  the 
main  cause  of  the  inferior  and  worthless  limes  so  frequently  met  with. 

The  grinding  of  the  lime  is  effected  either  by  hand  or  by  bullocks 
working  an  edge  stone.  The  machine  would  be  too  expensire  except 
for  use  in  large  works.  A  small  grinding  drum  that  could  be  worked 
by  coolies  is  now  being  made  up  at  MAdhopur,  and  will  probably  be  an 
improvement  on  the  hand-pounding  process. 

It  is  desirable  that  the  raw  kankar  should  be  washed  before  burning. 
Where  this  is  not  done,  the  clay  adhering  to  the  kankar  nodules  is  calcined 
in  the  kiln  into  stirki.  In  kankars  containing  over  50  per  cent,  carbon- 
ate of  lime,  this  sarki  will  not  be  very  injurious,  and  it  would  perhaps 
be  preferable  to  leave  the  kankar  unwashed  on  account  of  the  expense 
attending  the  washing  process.  The  labour  of  washing  would  amount  to 
about  Re.  1  per  100  cubic  feet  of  kankar,  or  Re.  1-8  per  100  cubic  feet 
of  lime ;  but  in  addition  to  this,  there  is  the  loss  of  material  incurred  by 
washing,  which  may  be  taken  at  17  per  cent.  Thus,  when  the  kankar  is 
washed,  nearly  200  cubic  feet  raw  kankar  will  be  required  for  100  cubic 
feet  lime,  whereas  150  or  160  would  suffice  without  washing.  In  kan- 
kars that  are  very  poor  in  carbonate  of  lime,  washing  would  be  desirable, 
or  a  small  portion  of  white  lime  might  be  added  to  the  lime  obtained 
without  washing.  With  the  generality  of  kankar,  however,  the  addition  of 
white  lime  causes  little  or  no  improvement  in  the  quality,  (see  Report  B.) 

I  now  come  to  the  properties  of  the  lime  thus  obtained.  On  the  im- 
portant point  of  hydraulicity,  or  rapidity  of  setting  under  water,  Mr. 
Nielly  remarks  in  Beport  B,  that  the  Batala  kankar  lime,  finely  pound- 
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Mr.  Nielly's  experiments  were  made.  The  reason  of  this,  in  the  apper 
part  of  the  Division,  was  probably  the  comparative  cheapness  of  stone  lime, 
and  the  very  admirable  mortar  that  it  gives  in  composition  with  siirki 
when  not  required  to  set  nnder  water.  Lower  down  the  conditions  of 
economy  are  reversed,  and  it  is  difficalt  to  account  for  the  scant  degree  in 
which  it  was  employed,  except  on  the  supposition  that  careless  burning 
and  unscrupulous  mixture  of  ashes  and  underbumt  kankar  had  led  to  a 
prejudice  against  it.  Such  a  prejudice  must  have  been  permanently  removed 
by  the  excellent  specimens  obtained  by  Mr.  Nielly  from  kankar  lime,  and 
he  deserves  great  credit  for  the  care  that  he  has  bestowed  on  the  selection 
and  burning  of  the  kankar,  and  for  the  persistency  with  which  he  has 
preferred  the  use  of  kankar  to  that  of  stone  lime.  Attention  is  drawn 
to  the  satisfactory  result  given  by  the  use  of  kankar  lime  in  the  repairs 
of  rapid  No.  10,  alluded  to  in  Report  D,  in  a  position  where  stone  lime 
had  constantly  failed. 

Mr.  Nielly  applies  the  name  of  cement  to  the  kankar  lime  thufi  obtained. 
In  support  of  the  term,  he  adduces  the  authority  of  Vioat  as  covering 
the  application  of  the  word  to  all  limestones  in  which  the  percentage 
of  carbonate  of  lime  varies  from  73  to  39  per  cent. — see  Table  III., 
Beport  G.  This  is  a  wide  range,  and  certainly  none  of  the  limes  hitherto 
obtained  can  be  called  cements  in  the  sense  in  which  the  word  is  used  by 
English  Engineers.  Bankine  gives  the  percentage  of  carbonate  of  lime 
in  a  natural  cement  at  41 ,  and  adds  the  practical  test  that  it  must  harden 
under  water,  so  as  to  resist  the  pressure  of  the  finger,  in  a  few  minutes. 
As  will  be  shown  further  on,  the  lime  obtained  does  not  fulfil  this  test, 
and  it  seems  to  me  a  misleading  term  to  apply  to  materials  that  bear  no 
resemblance,  either  in  point  of  tenacity  or  rapidity  of  setting,  to  what  is 
generally  understood  in  England  by  the  word  cement  It  is  an  eminently 
hydraulic  lime,  but  not  a  cement;  and  it  will  be,  I  think,  convenient 
to  drop  the  use  of  the  latter  word. 

In  regard  to  the  process  of  burning  with  i!ipla,  Mr.  Nielly  states,  in 
Beport  B,  that  a  kiln  burnt  with  tipla  and  kankar,  in  the  proportion  of 
2  to  1,  resulted  in  an  out-turn  of  50  per  cent,  underbumt  lime;  but  that 
when  he  raised  the  proportion  of  iipla  to  three  times  the  bulk  of  kankar,  the 
nnderbumt  portion  was  only  5  per  cent,  of  the  whole.  In  Beport  E,  he 
states  that  2  cubic  feet  tkpla  to  1  of  raw  kankar  suffice  in  the  hot  weather ; 
but  that  this  should  be  raised  to  2^  cubic  feet  in  the  cold  weather.    In  the 
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2nd  Difision,  where  kankar  lime  is  nniversally  employed,  the  nsnal  pro- 
portions are  3  to  1,  and  as  a  general  rale  not  less  than  2|  should  be  em- 
ployed, though  of  course  the  quantity  must  Tary  slightly  with  the  com- 
position of  the  kankar  employed.  'With  washed  kankar  Mr.  Nielly  gives 
8  to  3^  as  the  proper  proportion. 

In  the  same  Report  E,  it  is  stated  that  150  cubic  feet  raw  kankar  are 
required  to  produce  100  cubic  feet  lime.  The  result  of  manufacture  on  a 
considerable  scale  at  Kila  Ldl  Singh,  to  be  referred  to  afterwards,  shows 
that  nearly  160  cubic  feet  were  used  for  every  100  feet  of  lime  burnt. 

The  careful  unloading  of  the  kiln  is  a  matter  of  great  importance. 
Mr.  Nielly  has  the  pieces  of  burnt  kankar  picked  out  by  hand,  and  all  under- 
burnt  pieces,  ashes  and  fine  stuff  most  carefully  separated.  The  process 
is  rather  laborious,  but  very  necessary,  and  neglect  of  it  is  no  doubt  the 
main  cause  of  the  inferior  and  worthless  limes  so  frequently  met  with. 

The  grinding  of  the  lime  is  effected  either  by  hand  or  by  bullocks 
working  an  edge  stone.  The  machine  would  be  too  expensive  except 
for  use  in  large  works.  A  small  grinding  drum  that  could  be  worked 
by  coolies  is  now  being  made  up  at  M&dhopur,  and  will  probably  be  an 
improvement  on  the  hand-pounding  process. 

It  is  desirable  that  the  raw  kankar  should  be  washed  before  burning. 
Where  this  is  not  done,  the  clay  adhering  to  the  kankar  nodules  is  calcined 
in  the  kiln  into  stirki.  In  kankars  containing  over  50  per  cent,  carbon- 
ate of  lime,  this  sdrki  will  not  be  very  injurious,  and  it  would  perhaps 
be  preferable  to  leave  the  kankar  unwashed  on  account  of  the  expense 
attending  the  washing  process.  The  labour  of  washing  would  amount  to 
about  Re.  1  per  100  cubic  feet  of  kankar,  or  Re.  1-8  per  100  cubic  feet 
of  lime ;  but  in  addition  to  this,  there  is  the  loss  of  material  incurred  by 
washing,  which  may  be  taken  at  17  per  cent.  Thus,  when  the  kankar  is 
washed,  nearly  200  cubic  feet  raw  kankar  will  be  required  for  100  cubic 
feet  lime,  whereas  150  or  160  would  suffice  without  washing.  In  kan- 
kars that  are  very  poor  in  carbonate  of  lime,  washing  would  be  desirable, 
or  a  small  portion  of  white  lime  might  be  added  to  the  lime  obtained 
without  washing.  With  the  generality  of  kankar,  however,  the  addition  of 
white  lime  causes  little  or  no  improvement  in  the  quality,  (see  Report  B.) 

I  now  come  to  the  properties  of  the  lime  thus  obtained.  On  the  im- 
portant point  of  hydraulicity,  or  rapidity  of  setting  under  water,  Mr. 
Nielly  remarks  in  Report  B,  that  the  Batfla  kankar  lime,  finely  pound- 
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ed,  made  into  a  thick  paste,  and  thrown  into  water  immediatly  after  being 
made  up  into  a  ball,  hardens  so  as  to  resist  the  penetration  of  a  fine  needle 
after  a  fortnight,  and  that  if  it  is  allowed  20  hoars'  setting  before  being 
placed  in  water,  it  will  after  the  20  honrs,  if  placed  in  water,  resist  the 
penetration  of  the  fine  needle.  Such  a  lime  is  excellent  for  hydraulic 
purposes,  but,  as  above  remarked,  cannot  be  called  a  cement. 

Table  IV.  with  Report  C,  gives  the  crushing  weights  per  square 
inch  for  a  variety  of  specimens  of  kankar  lime  by  itself  and  in  combina- 
tion with  sand,  kankar,  broken  bricks,  or  boulders,  &c.  A  plain  block  of 
kankar  lime  unraramed  was  crushed  with  a  weight  of  860  fts.  after  88 
days,  but  a  specimen  kept  for  6  months  broke  under  a  weight  of  1,4889)8. 
per  square  inch.  Rammed  specimens  give  much  higher  results,  but  the 
table  will  speak  for  itself.  The  column  showing  percentage  of  absorption 
of  various  specimens  is  interesting  and  useful :  this  percentage  varies  from 
4  to  11. 

For  making  concrete,  and  indeed  for  all  canal  work,  where  the  mortar 
has  to  resist  the  wear  and  tear  of  running  or  falling  water,  rather  than 
dead  weight  of  some  heavy  superincumbent  structure,  the  tensile  strength 
of  the  specimens  is  of  more  importance  than  the  resistance  to  crushing. 
The  tenacity  of  Bat^a  and  Path^nkot  kankar  lime  has  been  only  recent- 
ly the  subject  of  experiment.     The  results  are  given  in  Report  F. 

It  will  be  seen  that  Batdla  kankar  one  month  old,  has  a  mean  tensile 
resistance  of  61  lbs.  per  square  inch,  and  that  this  increases  to  82  lbs. 
when  the  specimens  are  12  months  old.  The  Pathdnkot  kankar  lime  has 
a  resistance  of  only  27  lbs.  after  4  months.  Portland  cement  has  a 
tenacity  of  from  300  to  350  tbs.  per  square  inch  after  7  days,  and  even 
Roman  cement  (with  which  Mr.  Nielly  compares  the  Bat&la  lime)  should 
have  a  tenacity  of  90  fibs,  when  7  days  old.  No  specimens  have  been 
tried  under  a  month  old,  but  they  would  probably  give  a  tenacity  much 
under  61  lbs.,  the  result  obtained  with  specimens  of  that  age.  On  the 
ground  of  low  tenacity,  therefore,  as  well  as  slowness  of  setting  in  water, 
the  use  of  the  word  *'  cement "  as  applied  to  this  lime  is  misleading  and 
inconvenient. 

In  regard  to  the  cost  of  manufacture,  the  figures  given  in  Report  B, 
and  in  Report  E,  may  be  passed  over.  The  rates  given  are  to  a  certain 
extent  conjectural,  and  are  based  at  least  upon  a  limited  experience.  The 
manufacture  of  concrete  blocks  has  been  recently  commenced  on  a  larger 
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scale,  and  the  following  are  the  details  of  expenditure  inonrred  in  burn- 
ing nearly  3,000  cubic  feet  of  lime  :— 

BS.  A.  p.  BS.   A.   p. 

4^04  cubic  feet  raw  kankar,  @  5  12    0  per  100  c.  ft  =  258  15    8 

Loading  kiln  (4,504  cnbic  feet  kankar),    @  1    3 
11,107  cabic  feet  6pla,  @  1  12 

Unloading  kiln  (2831*5  cnbic  feet  cement),   1    8 
Qrinding  2881-5  cnbic  feet,  @  1    8 

593  10    1 
To  this  maj  be  added,  on  account  of  migtri,  mates,  and  other  general 

chargea— (Contingencies  at  5  per  cent,  80    0    0 

Total  cost  of  2881-5  cnbic  feet  lime,  =  628  10    1 
eqairalent  to  a  rate  of  Ra  22  per  100  cnbic  feet 

In  the  above  the  kankar  is  not  washed.     The  cost  of  washing  is  a 

little  less  than  Be.  1  per  100  cubic  feet  of  raw  kankar,  and  the  bulk 

of  the  kankar  would  be  reduced  about  17  per  cent,  by  the  process,  so  that 

5,427  cubic  feet  would  be  required,  or  923  cubic  feet  more  than  when  the 

kankar  is  unwashed.    Three  cubic  feet  tipla  instead  of  2^  will  also  be 

required  per  cubic  foot. 


The  extra  cost  will,  therefore, be  i  more  for  iipla  =  ^^*'^^  =  88-87 
928  cnbic  feet  raw  kankar,  at  Ra.  5-12-0  per  100  c.  ft,  ...  =  53*07 
8,427  cnbic  feet  kankar  washing,  at  Re.  1      „       »,  ...    =  54*27 

Total,    ...       146*21 

which  would  bring  the  total  cost  np  to  Ra.  770,  or  about  Rs.  26-8-0  per  100  c.  ft.  lime. 
Let  a  =  rate  for  raw  kankar  per  100 
ft  =    „    for  iipla  ; 
then  the  following  formula  will  give  approximate  cost  of  the  lime  per  100  c.  ft — 
If  the  kankar  be  washed,  cost  =    2a  -|-    5ft  -|-  7 
„  „      unwashed  „  =  l'7a  -f-  4'2ft  +  5 

The  method  and  cost  of  bumiug  kankar  by  wood  fuel  has  hardlj  been 
noticed  by  Mr.  Nielly.  It  is,  I  think,  generally  more  conyenient  and 
economical  to  employ  i!ipla ;  but  it  will  be  seen  from  Report  F,  that  con- 
crete specimens  made  with  lime  burnt  with  wood  had  a  far  higher  tenacity 
than  when  the  lime  was  burnt  with  6pla,  but  the  fact  certainly  requires 
confirmation. 

In  conclusion  of  this  part  of  the  subject,  I  would  call  attention  to  the 
analyses  given  in  Reports  G  and  F  of  different  kankars.  These  analyses 
haye  been  conducted  by  a  yery  handy  and  expeditions  process.  A  known 
weight  of  the  specimen  is  pounded  to  powder,  and  treated  with  a  solntion 

VOL.  TI.— SECOND  BBBIBS.  T 
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of  nitric  acid  until  all  the  carbonic  acid  is  expelled.  The  quantity  of 
carbonate  of  lime  in  the  specimen  is  found  from  the  fact  that  one  centi- 
metre of  acid  combines  with  *05  gramme  of  carbonate  of  lime.  Anj 
acid  that  may  have  been  added  in  excess  is  neutralized  by  the  addition 
of  caustic  potash,  of  such  a  strength  that  one  Tolnme  of  caustic  potash 
will  neutralize  one  volume  of  the  acid.  The  quantity  of  caustic  potash 
used  (in  centimetres)  is  then  deducted  from  the  quantity  of  acid  used, 
and  the  balance  shows  the  amount  of  acid  that  has  combined  with  the 
lime,  from  which  the  proportion  of  carbonate  of  lime  can  be  accurately 
ascertained.  A  specimen  can  be  analysed  in  this  way  in  about  10  min- 
utes. The  analysis  of  course  shows  only  the  proportion  of  carbonate  of 
lime ;  but  this  is  very  useful  in  practice,  as  it  will  show  whether  the  kan- 
kar  will  yield  a  mere  puzzolana,  that  will  require  to  be  mixed  with  fat 
lime,  or  whether  it  will  give  a  lime  so  rich  as  to  require  to  be  mixed  with 
stirki.  This  can  of  course  be  determined  by  experiment  after  the  lime  is 
burnt,  but  an  analysis  of  this  sort  is  particularly  useful  in  ascertaining  the 
limits  of  variation  in  the  composition  of  the  kankar  in  any  particular  local- 
ity or  bed.  The  apparatus  required  is  excessively  simple,  and  might  with 
advantage  be  more  extensively  employed. 

The  manufacture  of  concrete  may  now  be  considered  independently  of 
the  question  of  burning  the  lime.  Report  A  is  of  little  practical  interest, 
as  it  was  for  the  most  part  written  before  any  extensive  experience  had 
been  acquired.  A  statement  is  appended  showing  the  composition  of  17 
different  blocks,  many  of  which  had  been  placed  under  the  falls  and  in 
the  rapids,  and  found  to  stand  well.  In  many  of  these  blocks,  stone  lime 
was  mixed  with  the  kankar  lime.  The  weight  was  about  136  lbs.  per 
cubic  foot. 

Beport  B  mentions  two  blocks  made  without  mixture  of  stone  lime, 
which  were  capable  of  being  carried  three  or  four  days  after  they  had  been 
made,  and  which  were  found  to  weigh  143  and  145*5  fibs,  per  cubic  foot 
Ooncrete  of  this  weight  may  be  regarded  as  very  superior. 

The  resistance  of  various  specimens  of  concrete  to  crushing  is  given 
in  Table  IV. 

Beport  0,  Specimens  III.  and  IV.,  represent  the  common  type  of 
concrete  now  manufactured,  and  give  a  resistance  to  crushing  of  upwards 
of  2,000  &s.  per  square  inch  38  days  after  manufacture.  Split  boulders 
as  the  principal  material,  appear  to  give  a  better  result  than  raw  kankar, 
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in  the  case  of  wet  specimens,  thoagh  the  result  is  reversed  when  the 
specimens  are  dry.  The  resistance  obtained  is  more  than  double  that 
[pyen  by  a  hard  brick. 

Very  few  experiments  have  been  made  on  the  tenacity  of  concrete  speci- 
mens, the  only  information  on  this  point  being  given  in  Report  E. 

When  the  lime  was  burnt  with  wood,  a  resistance  of  106  lbs.  per  square 
inch  was  obtained  after  two  months  and  20  days ;  but  when  burnt  with  i&pla 
only  67  lbs.  per  square  inch.  Another  kankar  used  gave  a  resistance  of 
131  ibs.  A  fuller  report  will  be  subsequently  made  on  this  point,  when 
proper  apparatus  has  been  made  for  testing  specimens  now  awaiting  trial. 

A  brief  account  of  the  method  of  manufacture  is  given  in  Report  F 

by  Mr.  Nielly.    The  salient  points  are^ — 

That  the  kankar  should  be  broken  into  pieces  that  will  pass  through  a  f-inch  mesh, 
and  well  washed.  It  is  a  matter  of  primary  importance  that  the  kankar  be  washed  free 
of  all  adhering  day  ;  the  object  of  breaking  it  np  into  small  pieces  is  to  facilitate  the 
washing,  as  it  is  impossible  by  mere  washing  to  remove  the  clay  from  a  large  irregu- 
larly shaped  nodnle. 

lime  bnmt  with  wood  has  given  higher  tensile  resistance  than  when  iipla-bnmt 
lime  has  been  nsed  ;  bat  farther  experiments  are  necessary  to  establish  this,  and  the 
ftpla-bamt  sets  faster,  and  is,  as  a  rale,  cheaper. 

An  excessively  small  qaantity  of  water  is  nsed,  varying  from  25  to  85  per  cent,  of 
the  weight  of  the  lime  employed.  The  small  qaantity  of  water  used  is  the  distingnish- 
ing  featore  of  the  blocks  made  by  Mr.  Nielly,  and  the  mixtare  is  so  dry,  that  at  first 
sight  it  woald  seem  impossible  to  secure  cohesion  ;  bat  the  blocks  are  of  excellent 
quality,  and  can  be  handled  freely  directly  they  are  made. 

Sand  may  be  nsed,  if  ground  up  with  the  lime  ;  bat,  with  the  ordinary  kankar 
limes,  this  is  not  advisable  for  works  under  water. 

The  proportions  of  lime  and  raw  kankar  are  not  stated  by  Mr.  Nielly  in 
the  note  above  referred  to.  In  the  blocks  that  are  now  being  made  up  o& 
a  large  scale  for  the  remodelling  works,  the  proportions  observed  are  two 
measures  of  lime  to  three  of  raw  kankar.  This  proportion  gives  excellent 
results ;  but,  as  I  shall  presently  show,  the  quantity  of  lime  used  might 
probably  be  diminished  with  advantage. 

In  regard  to  cost,  I  have  the  details  of  all  expenditure  incurred  in 
making  up  4,000  cubic  feet  of  concrete  of  above  composition  at  Kila  L^l 
Singh.  The  blocks  were  for  the  most  part  2'  X  2'  x  1',  or  4  cubic  feet 
each,  though  there  were  a  few  closers  made  half  size,  or  2'  X  T  X  1'. 

To  make  the  above  4,000  cubic  feet  concrete,  8,496  cubic  feet  kankar  were 
required. 

Of  this,  4,504  wore  bnmt  for  lime,  and  4  J93  used  as  material  for  concrete. 
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The  4^04  cubic  feet  bnmt  yielded,    •  •        • .        2831*5  cabic  feet  lime. 
The  4,792  cabic  feet  raw  kankar  yielded,      .  •        8977'5  when  washed. 


Total  bulk  of  materials  rammed,  •  •  =  68090  cubic  feet,  to  give  4,000 
cubic  feet  of  concrete,  so  that  for  100  cubic  feet  concrete,  170  cubic  feet  of  materialii 
are  required. 

Of  this  170  cubic  feet — 

i,  or  68  cubic  feet,  are  lime,  or  say  70 

f  „  102       „         „  or  raw  washed  kankar,  or    •  •        .  •  100 

But  for  100  cubic  feet  of  washed  kankar,  120  cubic  feet  of  raw  kankar  are  required. 
Washing  the  kankar  costs  '9  rupee  per  100  cubic  feet  unwashed. 
Labour  in  mixing  and  ramming  costs  4*3  rupees  per  100  cubic  feet  of  concrete. 

When  kankar  for  lime  is  burnt  unwashed,  the  cost  per  100  cubic  feet 
will  be- 
When  a  =  price  of  kankar  per  100  cubic  feet 

h=     „    of  Apia       „      „  „ 

Cost  per  100  cubic  feet  of  lime  s  1*70  +  4-25  +  5. 
Hence  for  concrete — 
70  cubic  feet  lime  =  -7  (l-7a  +  4'2i  +  5}  =  l'19a  +  2*946  +  3*50 
120      „      „  kankar  =  l'2a  =  l'20a 

Washing  =1'2  X  '9  =  1-08 

Labour  in  ramming  and  mixing,        ••        ••         ••        ••        4*30 


Total,    ..  2*39a  +  2*946  +  8*88 
Contingencies  at  5  per  cent., ..     *12a  +  '156  -h   '44 

Total  coat  per  100  cubic  feet  concrete, . .  2'51a  +  3  096  +  932 

When  the  kankar  for  lime  is  washed  before  burning,  the  cost  of  lime 
per  100  is  2a+  bb  +  7,  and  the  cost  of  concrete  will  be  2*7da  +  3*716 
+  10*92. 

At  Kila  L41  Singh,  the  price  of  kankar  was  5*34  rupees  per  100,  and 
of  lipla  1*75  per  100. 

Hence  price  of  lime  with  kankar  unwashed  before  burning  should 

B&  AS.  p. 
1-7  +  6-34  +  4-2  +  1-76  +  6 
The  actual  cost  at  this  place  was  •• 
And  the  price  of  concrete  should  be— 
2-61  +  6-34  +  3*09  X  1-76  +  932 
The  actual  cost  being        .  •        •  • 
The  allowance  for  contingencies  covers  the  expense  of  making  moulda,  repairing: 
tools,  &c. 

The  moulds  are  made  of  stout  hikar  planks,  fastened  together  by  iron 

bolts.    The  cost  of  each  for  the  large  blocks  is  Rs.  9,  and  for  the  small  ones, 

B8.5. 


•  •       •• 
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The  proportion  of  lime  to  kankar  employed  above  appears  to  me  to  be 
more  than  is  necessary. 

Concrete  blocks  of  excellent  quantity  hare  been  made  np  in  the  2nd 
Division  with  the  proportion  of  lime  to  kankar  as  low  as  1  to  3 ;  and  in 
point  of  hardness  at  least  they  were  certainly  in  no  way  inferior  to  those 
made  by  Mr.  Nielly,  it  being  difficult  to  make  any  marked  impression  on 
them  by  subjecting  them  to  several  blows  with  the  edge  of  a  phoura  or 
point  of  a  pickaxe,  after  they  had  been  made  a  few  months.  The  blocks 
referred  to  in  Beport  B  were  of  very  excellent  quality,  and,  judging  from 
their  great  density  leave  nothing  to  be  desired  :  the  proportions  employed 
were  1  lime  to  2  kankar.  The  bulk  of  materials  employed  to  make  four 
cubic  feet  was  5|  feet  in  one  case,  and  6|  in  the  other.  The  latter  pro- 
portion would  require  only  160  cubic  feet  materials  for  100  cubic  feet 
concrete.  With  the  block  made  at  Kila  Ldl  Singh,  170  cubic  feet  were 
used,  and  to  be  on  the  safe  side,  the  proportion  of  170  to  100  may  be  taken 
as  the  ratio  of  consolidation.  The  cost  with  lime  to  kankar  as  1  to  2 
would  be,  with  kankar  unwashed  before  burning — 

2-46a  +  2-525  +  8*80 
If  the  lime  be  washed  before  bnming,  it  would  be^ 
2-64a  +  86  +  999. 

The  first  of  the  above  formulie  would  give  the  cost  at  Kila  Lfl  Singh 
rates  at  Rs.  26-5-5  per  100,  or  nearly  Bs.  2  cheaper  than  when  the  pro- 
portion is  2  to  3. 

But  it  is  not  on  the  mere  score  of  economy  that  I  would  recommend 
the  use  of  less  lime.  Until  tension  bricks  are  made  up  with  concretes 
of  various  composition,  it  is  difficult  to  say  what  proportion  is  best; 
but  it  would  seem  natural  to  suppose  that,  so  long  as  the  lime  is  sufficient 
to  fill  up  all  the  interstices  between  the  kankar  nodules,  the  best  stone,  as 
well  as  the  cheapest,  is  that  in  which  the  lime  bears  the  smallest  propor- 
tion to  the  kankar.  The  great  density  of  blocks  made  by  Mr.  Nielly  with 
proportions  of  1  to  2  shows  that  there  can  be  but  little  porosity,  and  that 
the  lime  used  was  sufficient. 

Mr.  Nielly  states  that  the  larger  proportion  of  lime  is  necessary  by 
his  dry  process  to  secure  perfect  diffusion,  but  that  if  more  water  were 
used,  less  lime  would  suffice,  as  the  fluid  mortar  would  more  readily  fill 
up  all  interstices.  This  brings  to  me  a  consideration  of  the  dry  processi 
which  Mr.  Nielly  expliuns  at  length  in  his  Note  on  Mr.  Eing*s  ezperi* 
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ments  (Report  G).  The  comparative  ultimate  strength  of  concretes  made 
with  different  quantities  of  water  has  yet  to  be  determined ;  but  it  seems 
to  me  that  if  it  is  a  necessity  of  the  dry  process  that  the  block  should 
contain  40  per  cent,  of  lime,  it  is  a  graye  disadvantage,  both  on  the  score 
of  cost  and  strength.  In  addition  to  the  specimen  blocks  originally 
made  by  Mr.  Palmer,  blocks  have  been  made  up  by  hundreds  in  the  2nd 
Division  with  only  25  per  cent,  of  lime,  and  that  well  slushed  with  water ; 
and  these  blocks  are,  to  all  appearances,  in  no  respect  inferior  to  those 
made  under  the  dry  process.  They  cannot  be  turned  over  until  they  have 
been  made  for  24  hours,  but  the  sides  of  the  mould  can  be  removed  imme- 
diately after  manufacture,  the  block  remaining  on  its  pallet,  which  can 
however,  be  removed  the  next  day.  The  quality  of  the  lime  ordinarily  used, 
in  the  upper  part  at  least  of  the  2nd  Division,  is  in  no  way  superior  to  that 
used  by  Mr.  Nielly,  for  the  lime  was  burnt  and  the  blocks  manufactured 
without  the  benefit  of  that  close  supervision  that  Mr.  Nielly  has  at  all  times 
given  to  such  work. 

In  one  respect  only  does  the  dry  system  seem  to  possess  an  advantage, 
viz.,  in  rapidity  of  setting :  no  block  made  under  the  wet  process  could 
be  placed  in  a  rapid  or  under  a  fall  within  three  months  after  manu- 
facture, whereas  Mr.  Nielly's  blocks  can  be  so  placed  within  a  few  days. 
But  while  admitting  the  increased  rapidity  of  setting,  I  must  point  out 
that  the  ultimate  strength  of  such  blocks  has  not  yet  been  proved  superior 
to  those  made  with  more  water  and  less  lime. 

I  do  not  at  all  underrate  the  great  importance  of  making  blocks  that 
harden  immediately.  The  capacity  of  hastily  making  such  blocks  would 
in  many  cases  be  a  great  gain,  and  there  can  be  no  doubt  that  all  concrete 
work  put  into  falls  during  canal  closures  should  be  executed  on  the  dry 
system.  Mr.  Nielly's  successful  application  of  the  system  to  the  manu- 
facture of  kankar  concrete  is  a  real  gain,  and  he  deserves  great  credit  for 
the  assiduous  attention  that  he  has  paid  to  the  subject,  especially  as  his 
practice  in  this  matter  of  watering  is  at  such  utter  variance  with  what  has 
hitherto  prevailed  in  these  parts.  But  the  process  having  been  now  firmly 
established,  I  think  it  a  matter  for  consideration  whether  more  water  and 
less  lime  might  not  with  advantage  be  used  in  those  cases  in  which  blocks 
are  made  up  some  months  before  they  will  be  required  for  use.  The  ques- 
tion of  comparative  strength  remains  for  experiment,  but  the  comparative 
economy  of  the  older  system  is  a  matter  of  certainty. 
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Mr.  Nielly  has  also  attempted  the  manufacture  of  artificial  cement,  and 
references  are  made  to  the  subject  in  his  Reports  D  and  F.  In  the  former, 
he  states  that  he  has  obtidned  a  cement  showing  a  high  degree  of  hydrau- 
licity,  but  compares  it  with  no  standard.  In  the  latter,  the  tenacity  of 
this  cement  is  given  when  one  year  old  at  only  51  tt>s.  per  square  inch, 
which  is  much  less  than  the  ordinary  Bat^a  kankar  lime  one  month  old, 
which  is  given  at  61  fibs.  An  apparently  better  result  is  obtained  by 
mixing  it  in  equal  parts  with  kankar  lime,  the  tenacity  in  this  case  being 
93  fibs.,  but  even  so,  82  lbs.  has  been  obtained  with  kankar  lime  alone  at 
the  same  age. 

The  cost  of  this  cement  is  given  in  Report  E  at  Rs.  288  per  100,  and 
it  is  assumed  that  by  the  use  of  proper  machinery  on  a  large  scale,  it 
might  be  manufactured  at  Rs.  50  per  100 ;  but  the  data  furnished  for  such 
an  assumption  are  very  vague.  Kankar  like  the  Hoshi^rpur  tufa,  said 
to  contain  88  per  cent,  of  carbonate  of  lime,  might  possibly  furnish  a  good 
cement  if  combined  with  clay  artificially,  but  the  necessary  conditions  for 
making  such  a  cement  economically  certainly  do  not  exist  on  the  £^ 
Do^b  Canal,  and  the  attention  of  experimentalists  may  be  far  more  profit* 
ably  directed  to  improvement  in  the  manufacture  of  lime  from  the  excellent 
kankars  obtainable  throughout  the  whole  length  of  the  canal. 

In  conclusion,  I  would  state  that  a  lever  has  been  recently  made  up, 
under  which  briquettes,  or  specimen  dumb-bells  of  limes  and  concrete, 
can  be  made  up  under  a  uniform  pressure,  which  is  a  matter  of  great 
importance  in  comparing  specimens  of  different  composition.  These  will 
all  be  submitted  to  tests  for  tenacity — a  test  to  which  attention  has  only 
recently  been  directed.  The  specimens  will  include  some  made  of  fresh 
white  lime  and  surki,  the  relative  value  of  which  to  kankar  lime  awaits 
determination.  The  white  lime  and  siirki  collected  some  time  ago  for 
the  remodelling  works  will  also  be  tested,  as  it  is  important,  before  com- 
mencing work,  to  be  assured  of  the  real  value  of  the  materials  available. 

T.  H. 


III.    Note  bt  Libut.-Colonbl  H.  A.  Brownlow,  R.E.,  Sufdo.  Engi- 
neer, Upper  Bari  Doab  Canal  Circle. 

Mr.  Nielly's  reports  on  limes  and  concretes  are  accompanied  by  an 
admirable    summary  drawn  up  by  Mr.   Higham,  Exec.   Engineer  of 
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the  Special  Works  Division.  Mr.  Higham*s  own  remarks  and  sugges- 
tions are  very  yalnable,  and  I  agree  most  fnlly  with  him. 

Mr.  Nielly  deserves  all  credit  for  the  nnfailihg  interest  and  attention 
bestowed  by  him  upon  the  snbject  of  limes  and  mortars,  for  his  persistent 
advocacy  of  the  value  of  the  kankar  limes  to  be  found  along  the  upper 
portion  of  the  B^ri  Do4b  Canal,  and  for  his  successful  manufacture  of  a 
very  superior  concrete  on  principles  diametrically  opposed  to  those  pre- 
viously accepted  on  the  subject. 

Mr.  Higham's  remarks  on  the  "  wet "  and  '^  dry "  processes  of  con- 
crete-making, (in  pages  165,  166)  are  very  good.     The  great  advantages 

of  the  dry  system  are  rapidity  of  hardening  and,  I  should  say,  greater 
possibility  of  condensation ;  its  disadvantages  are  its  greater  cost  and 
the  greater  amount  of  supervision  required  in  manufacture. 

The  relative  tenacities  of  concretes  prepared  under  the  two  systems 
have  yet  to  be  tested,  and  any  marked  superiority  in  this  respect  would 
weigh  very  heavily  indeed  in  favour  of  the  stronger. 

Future  repairs  below  water-line  of  masonry  works  on  the  canal  ought 
invariably  to  be  executed  with  good,  well  cleaned  and  burnt  kankar 
lime,  picked  free  from  ashes  and  ground  drtfy  no  water  being  on  any  account^ 
mixed  with  it  until  it  is  just  being  put  into  the  work.  Too  much  impor- 
tance cannot  be  attached  to  the  latter  condition,  as  nothing  is  more  common 
than  to  see  kankar  lime  being  ground  for  hours  in  a  common  "  chdkki^^ 
full  of  water,  and  sometimes  even  the  lime  of  yesterday's  wet  grinding 
being  chafed  up  for  to-day's  work.  All  concrete  laid  down  below  water- 
line  during  a  canal  closure  should,  as  recommended  by  Mr.  Higham,  be 
executed  on  the  dry  system  of  manufacture. 

H.  A.  B. 
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No.  OCXXVL 

PRACTICAL  NOTES  ON  THE  CONSTRUCTION  OF  HILL 

CART  ROADS. 

[  Vide  Plate  XXIV.  J 

Bt  F.  H.  Ashhuest,  Esq.^  Assoc.  Inst.  C.E.,  Assist.  Engineer^  Military 
Worts,  Rdnikhet. 

[The  following  Notes  are  the  result  of  experience  gained  in  carrying  ont  orders 
reoeiyed  from  time  to  time  in  the  II.  B&nikhet  DiTidon,  Military  Works.] 

I.  Seleotion  of  Route. — This  will,  of  course,  depend  so  much  on 
local  circamstance^,  that  few,  if  any,  practical  rules  can  be  laid  down,  but 
it  will  generally  be  found  that  one  side  of  a  hill  is  easier  to  work  on  than 
the  other.  Thus,  at  Rdnikhet,  the  southern  and  western  slopes  are  gene- 
rally the  steepest  and  most  expensive  for  road  making. 

It  will  also  be  found  desirable  to  go  occasionally  out  of  the  direct 
route,  to  pass  near  good  building  or  camping  ground,  where  there  may 
be  a  plentiful  supply  of  water. 

A  camping  ground  will  be  required  at  least  every  10  miles,  which  is  a 
long  march  in  the  hills. 

If  the  ascent  is  steady,  (without  any  "  give  and  take  "  in  the  gradients,) 
7  miles  will  be  found  quite  long  enough  for  a  march. 

IL  Lining  out,  QradlentSy  Ac. — In  lining  out  the  road,  two  pegs 
are  required  at  each  level-point,  one  driven  down  to  the  proposed  cutting 
line,  and  the  other  (about  six  inches  from  the  first)  standing  some  2  feet 
out  of  the  ground  to  mark  the  position  of  the  le?el  peg,  which  would  other- 
wise often  be  difficult  to  find. 

These  marking  pegs  should  be  coloured  red,  or  some  other  distinct 
colour,  on  either  side  of  ravines,  or  other  places  where  bridges  or  drainage- 
culverts  are  to  be  built,  to  show  the  excavators  how  far  they  may  go 
without  interfering  with  the  foundation  work  for  the  bridges  or  culverts. 
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The  steepest  gradient  advisahle  is  5  per  100,  but  sometimes  as  much  as 
7  per  100  will  be  foimd  necessary  for  short  distances.  No  loss  of  gra- 
dient should  be  incurred  if  possible,  except  in  giying  200  yards  or  so 
of  level,  every  now  and  then,  as  a  rest  for  draught  bullocks. 

In  giving  the  cutting  line,  the  pegs  should  be  put  down  at  a  somewhat 
less  gradient  than  is  actually  required,  as  in  cutting  off  corners  the  road 

will  be  shortened. 

For  narrow  roads  the  whole  width  required  may  be  cut  out  of  the  hill- 
side, but  generally  the  outside  of  the  road  will  be  of  made  earth. 

The  average  amount  of  solid  cutting  required  to  form  a  12  feet  road  is 
7Jeet. 

The  average  safe  side  slope  of  cutting  may  be  taken  at  ^  (horizontal) 
to  1  (vertical). 

The  ruling  gradient  in  setting  out  a  first  class  road  should  be  from  3^ 
to  4  per  100,  which  in  cutting  of  comers  and  subsequent  improvements, 
will  be  found  to  work  out  to  5  per  100  in  many  places. 

III.  Cross  Section.— The  general  rule  on  the  B^mnugger  and  B^- 
khet  cart  road  from  the  plains,  is  to  make  the  road  surface  curved  where 
the  height  of  outer  retaining  wall  (if  there  is  one)  does  not  exceed  5  or 
6  feet,  and  in  all  other  places  the  entire  surface  to  slope  inwards  with  an 
inclination  somewhat  greater  than  the  longitudinal  slope  of  the  road. 
The  two  cross  sections  are  shown  in  Plate  XXIY. 

In  Fig,  1,  the  full  width  of  road  is  shown,  viz.,  20  feet,  of  which  2 
feet  is  the  width  of  parapet,  and  2  feet  also  for  the  side  drain,  leaving 
a  ckar  width  of  16  feet  for  roadway.  In  verif  difficult  places  on  the 
iUmnugger  road,  11  feet  clear  roadway  has  been  accepted,  but  as  a  general 
rule,  even  for  minor  roads,  nothing  less  than  12  feet  clear  should  be 
adopted,  otherwise  carts  will  damage  the  parapet,  or  go  into  the  side 
drain.    "With  a  narrow  road,  frequent  passing  places  will  be  necessaiy. 

For  the  curved  surface  {Fig.  1),  the  highest  point  is  one  foot  nearer 
to  the  parapet  than  to  the  side  drain,  and  it  is  a  segment  of  a  circle  with 
versed  sine  not  less  than  6  inoheSi 

ZV.  Masonry  Works, — In  the  Rdnikhet  Division,  the  stone  is  gener- 
rally  so  flat-bedded,  that  all  breast  and  retaining  walls  and  culverts  up 
to  4  feet  span  are  built  of  dry  masonry.  For  5  feet  culverts  and  above 
that,  the  stones  must  be  arched  and  set  in  lime  mortar.  The  clear  width 
of  pucka  bridges  should  be  12  feet  between  wheelguards. 


FfO.  3. 

CROSS   SECTION   Of   DRV 
STONE   SCUFPER, 


Fig.  4. 


SECTION    OF    BREAST    WALi 
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(1 ).  Breast  Walls. — These  are  very  important,  and  if  built  directly  the 
earthwork  is  finished,  will  save  a  great  deal  in  maintenance  bj  preyent- 
ing  slips.  The  thickness  of  course  depends  on  the  nature  of  the  soil  to 
be  protected  or  supported. 

On  the  B&nnugger  cart  road,  a  thickness  of  2  feet  to  2^  feet  at  top, 
with  back  vertical,  and  a  face  batter  of  1  in  3,  has  generally  been  found 
sufficient,  though  sometimes  the  face  batter  has  been  increased  to  1  in  2, 
and  the  top  made  8  feet  thick. 

The  height  should  be  such  as  will  reduce  the  slope  of  hill  side  to  its 
natural  angle  of  repose,  which  has  been  found  to  average  8  feet  above  road 
surface.  These  walls  are  built  of  the  largest  procurable  blocks  of  stone  laid 
dry,  at  right  angles  to  the  face  batter,  and  with  the  longest  side  inwards. 
As  soon  as  the  wall  is  finished,  the  slope  above  should  be  neatly  dressed 
and  prepared  for  turfing,  and  catchwater  drains  cut  at  a  safe  distance  from 
top  edge  of  slope,  leading  into  the  nearest  ravines  on  either  side. 

(2).  Retaimng  Walla  to  retain  the  made  earth  on  the  outside  of  the 
road  and  to  carry  the  masonry  parapet,  are  required  along  the  whole 
length  of  road,  except  where  the  slope  of  the  hill  side  is  very  flat.  The 
usual  section  in  the  R^ikhet  Division  is  shown  in  Fig,  2.  They  are  built, 
like  the  breast  walls,  of  dry  coursed  rubble  in  large  blocks,  with  courses 
at  right  angles  to  the  face  batter.  The  top  is  2  feet  thick,  the  back  ver- 
tical, and  the  face  batter  1  in  4.  In  setting  out  these  walls,  which  are 
seldom  straight  for  any  length,  the  pegs  should  represent  the  hack  of  the 
wall,  as  this  being  vertical,  will  give  either  the  foundation  or  the  parapet 
inside  line.  Retaining  walls  give  a  good  deal  of  trouble  in  maintenance, 
as  they  are  much  more  liable  to  fail  in  the  rainy  season  than  breast  walls. 

(3).  Parap«t«.-— Unless  these  are  built  of  very  large,  blocks  of  stone, 
they  are  worse  than  useless,  as  the  cartmen  pull  them  to  pieces  to  get 
stone  for  their  temporary  cMldhs  on  the  march.  They  should  average  2 
feet  wide  and  2  feet  high,  and  be  built  in  20  feet  lengths,  with  4  feet 
openings  for  drainage  and  clearing  slips.  If  only  small  stones  are  pro- 
curable, the  parapet  should  be  covered  with  earth  and  turfed.  This  has  a 
pleasing  appearance. 

(4).  Culverts  or  Scuppers  for  surface  drainage  will  be  required  at 
average  intervals  of  200  feet  along  the  whole  road,  unless  some  bridge 
across  a  ravine  intervenes  to  carry  off  the  drainage,  or  the  hillside  be 
unable  to  stand  the  scour.    The  minimum  size  for  these  cross  drains  is 
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shown  on  Fig,  2.  The  floor  should  slope  not  less  than  1  in  6,  and  a 
catchpit  3  feet  square,  with  floor  one  foot  below  floor  of  drain,  should  be 
provided  to  catch  the  silt  washed  down  the  side  drains.  This  catchpit 
must  be  lined  with  masonry,  unless  cut  out  of  solid  rock. 

(5).  Causeways  or  Pavements  are  sometimes  built  for  economy  across 
large  ravines  in  place  of  bridges.  The  drop  wall  must  be  set  in  lime 
mortar,  and  the  pavement  should  be  of  the  largest  procurable  slabs,  or 
8tones«on-edge  pucka  pomted.  During  fine  weather  these  depressions 
should  be  filled  up  level  with  the  road,  and  during  the  rains  great  care 
must  be  taken  to  prevent  the  rush  of  water  from  the  ravine  running 
down  the  road  instead  of  over  the  causeway. 

V.  Bide  drainSy  torflng^  Ac— (1).  The  side  drain  should  be  2  feet 
wide  at  top,  1  foot  at  bottom,  and  1  foot  deep  for  roads  16  feet  wide,  or 
more,  but  1|  feet  wide  by  9  inches  deep  is  sufficient  for  a  12  feet  road. 

(2).  CatchwaUr  drains, — These  are  most  important,  and  if  cut  as  soon 
as  the  earthwork  is  finished,  they  will  prove  most  useful  in  preventing 
■lips.  They  should  not  be  less  than  3  feet  wide  by  2  feet  deep,  and  should 
be  kept  at  a  safe  distance  from  the  top  of  slope,  and  discharge  into  ravines 
on  either  side. 

(3).  Turfing  should  be  done  during  the  rains,  either  by  laying  sods 
of  grass  securely  pegged  down,  or  by  leaping  the  surface  with  a  mixture 
of  stiff  clay  and  cowdung,  to  which  a  quantity  of  chopped  ditb  grass,  quite 
fresh,  is  added. 

Turfing  is  not  only  useful  in  prevenling  slips,  but  also  adds  very  much 
to  the  appearance  of  a  road. 

(4).  Wheelguards  are  very  necessary  to  protect  dry  stone  parapets 
and  to  keep  cart  wheels  out  of  the  side  drain.  They  may  be  either  of 
stone  or  ti^ooc^.  On  the  lUmnugger  cart  road,  wood  has  been  found  to 
answer  best.  The  posts  {see  Fig.  4)  are  4  feet  long,  let  1^  feet  into  the 
ground,  and  the  top  neatly  dressed,  rounded  and  painted.  They  should 
not  be  less  than  8  inches  diameter. 

(5).  MUe-stones, — On  the  Btfmnugger  and  R&iikhet  roads  they  are 
of  Agra  sandstone,  2  inches  thick,  let  into  cutstone  bases.  Great  care 
should  be  exercised  in  selecting  their  positions,  which  should  be  sometimes 
on  the  outside  and  sometimes  on  the  inside  of  the  road,  and  occasionally  it 
will  be  found  necessary  to  put  the  stone  several  feet  from  its  correct  posi- 
tion in  order  to  avoid  treacherous  ground.    The  stones  are  2  feet  9  inches 
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high  above  the  nuMonry  base  by  1  foot  6  inches  wide,  let  1  foot  8  inches 
into  masonry  base,  and  cost  complete  abont  Rs.  11-8  each. 

(6).  if(Sto//tn^.— Only  certain  portions  of  a  hill  cart  road  will  require 
metalling,  such  as  very  clayey,  or  very  sandy  places.  The  metal  is 
obtained  from  boulders  in  ravines,  or  from  veins  of  quartz  in  rock.  The 
section  of  metalling  used  in  the  Rdnikhet  Division  is  shown  in  Fig.  1. 
The  templates  are  made  7^  inches  high  in  middle,  and  4^  inches  at  sides  and 
12  feet  wide,  with  a  straight  bottom. 

It  has  been  found  necessary  to  have  a  8  inch  slope  from  centre  to  sides, 
80  as  to  keep  the  metalled  surface  dry  in  the  rains. 

The  amount  of  clay  mixed  with  the  metalling  to  bind  it  is  |-inoh  over 
the  whole  surface,  (t.  e.,  ^  of  the  stone)  added  in  three  equal  portions  to 
the  stone. 

The  roller  should  not  be  a  very  heavy  one,  as  it  has  to  be  moved  about 
from  place  to  place  a  great  deal.  A  8^  feet  diameter  roller  8  feet  long, 
lately  received  from  Roorkee,  for  the  Rdnikhet  roads,  has  answered  admir* 
ably.  Its  weight  when  empty  is  80  maunds,  and  about  double  that  when 
foil  of  water.    But  rollers  rather  heavier  than  this  are  not  inconvenient. 

(7).  Water  tupply.^'l^veTj  perennial  spring  on  the  line  of  road  should 
be  turned  to  good  account,  by  leadmg  the  water  into  tanks  on  the  road- 
side. Two  tanks  are  required  at  each  spring,  an  upper  one  from  which 
pure  water  can  be  had  for  drinking,  and  a  lower  one  for  cattle.  The  tanks 
on  the  R^mnugger  road  are  built  of  pucka  masonry  lined  with  Portland 
cement  plaster.  They  are  of  any  length  convenient,  and  the  cross  sec- 
tion is  as  shown  in  J^t^.  5.  The  head  of  the  spring  should  be  carefully 
protected  by  a  fence,  and  trees  planted  if  necessary  inside  this  fence. 

It  will  sometimes  be  found  necessary  to  bring  water  to  the  road  from  a 
long  distance.  This  can  be  done  at  first,  by  wooden  troughs  cut  out  of 
small  trees,  to  be  afterwards  replaced  by  masonry  channels  or  iron  pipes. 

VI.  Maintenance. — The  expense  of  maintenance  will  depend  in  a 
great  measure  on  the  amount  of  trouble  and  expense  incurred  in  the  ori- 
ginal construction.  Thus,  a  false  economy  in  breast  walls,  catchwater 
drains,  &c.,  in  first  construction,  will  involve  great  expense  in  maintenance. 
For  a  well  constructed  road,  a  gang  of  12  men  with  a  mate  should  be 
sufficient  for  10  miles  of  road,  as  their  only  work  will  be  to  clear  out 
the  drains  and  fill  up  ruts,  but  in  the  rainy  season  special  gangs  will  be 
required  to  clear  slips.    If  the  slips  are  numerous  and  heavy,  these  gangs 
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will  onl  J  be  able  to  keep  a  minimnm  width  of  road  open  for  traffic,  leaving 
the  larger  portion  of  the  slips  to  be  cleared  away  when  the  rains  are  over. 

One  of  the  greatest  difficulties  in  maintenance  is  to  find  quarries  for 
repairs  to  masonry  works,  as  stone  taken  from  abore  the  road  is  apt  to 
cause  slips,  and  from  below  the  road  the  raising  of  large  blocks  becomes 
difficult 

All  footpaths,  or  cattle  tracks  should  have  small  bridges  across  the 
side  drain,  which  otherwise  quickly  fills  up. 

VII.   Rates* — (lUmnugger  and  R&nikhet  Beads). 

Ordinary  earthwork,  ••        ••    =  Rs.  2  to  3  per  1,000  cubic  feet 

Stony  soil =    „    4to6    „      „       „       „ 

Bock, =    »    6to20„      »       „       „ 

Dry  stone  walling  in   breast  and 

retaining  walls,  &c.,       .  •        .  •    =    „    8  to  4  per  100    „       „ 
Digging  side  drains,  •  •        . .    =    „  1-8  to  5    „      „  ronning  feet 

Dressing  and  finishing  surface  of 

road,  including  earth  parapet,  ••=»2to8„      „       „       „ 
Small  dry  stone  cnlyerts,  (2  feet  to  4    =    „  20  to  50  each. 

feet  clear  span,) 

Large  dry  stone  culverts  with  long    =    „  100  to  200  each. 

face  walUf        ••        •••        •• 

5  feet  pucka  masonry  bridges,  1 2  feet    =    „  600  each. 

clear  width  between  wheelguards,    =    „  750     „ 
7|  feet    do.       do.       do., 
16  feet    do.  (finely  cut  masonry),    =    „  1,600  „ 
NoTB. — Or,  roughly  speaking,  Ba.  100  per  foot  of  span  from  5  feet  to  26  feet 

span. 
For  pucka  masonry  bridges  from  25  up  to  40  feet  span,  the  cost  is  approxi- 
mately Rs.  150  per  foot  of  span. 
Dressing  and  turfing  tops  of  breast 

walls,  &c, =  Rs.  0-8-0  to  1-8  per  100  square  feet 

Metalling, =  »   6-8-0  to  9      „    „    cubic  feet 

The  cost  of  a  first  class  12  feet  cart 

road  recently  made  in  Rinikhet, 

with  aU  masonry  works  of  dry 

stone  and  no  metalling,  and  no 

large  bridges,       =„  60  per  100  running  feet 

Foot  paths,  8  feet  wide,      . .        . .    =  „  0-8-0  to  1  per  100  running  feet 
Bridle  paths,  used  as  feeders  and 

short  cuts  to  cart  road,  4  feet  to 

10  feet  wide,        =„  2  to  10  per  100 

The  cart  road  through  Rinikhet  Ba- 
zaar, 24  feet  wide,  and  dry  masonry 

works  only,  (oYer  easy  gionnd),.  •    =:  „  90  per  100  mimijig  feet 
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Sto&froii-eclge  drain,  2  feet  wide  (for 

flooring  of  scappers,  &c. =  Bs.  0-2-0  per  100  nmoisg  feet 

Wheelgoard  poets,  dreseed,  painted, 

and  fixed,  complete,        ..        «.  =    „  0-2-0  each. 

The  total  cost  of  the  56  miles  of  cart  road  from  Rdmnnggcr  to  B^nikhet 
will  be  approximately  as  follows : — 

(1).    Actual  cost  of  IB  feet  road  (clear  width),  incloding 
pncka  masonry  bridges,  dry  stone  colverts,  metal- 
ling certain  portions,  as  well  as  two  let  tiate  and  Ba 
two  2nd  clan  Inspection  Bongalows,  &c.,           ...    =  6,91,782 

(2).  Sanctioned  Etthnate  for  two  large  Snspension 
Bridges  OTer  the  River  Eosi,  with  spans  of  292  feet 
X  212  feet,  respectively,  (not  yet  commenced,)      =  8,14,686 

(3).    Probable  additional  outlay  requisite  to  make  the 

road  suitable  for /cut  traffic  (say),         :=     50,000 


Grand  Total,    ...        10,56,868 

or,  Hs.  18,860  per  mile  (for  56  mile8> 

Vm.  Oeneral  Remarks. — Cuttings  shonld  always  be  avoided  if 
possible,  as  they  are  very  tronblesome  to  keep  in  order.  They  shonld 
always  have  a  curved  roadway  with  drain  on  each  side,  and  catch  water 
drains  above. 

Neat  and  regular  cnnres  in  side  slopes,  drains  and  parapetSi  will  add  very 
much  to  the  appearance  of  a  road. 

At  sharp  comers,  the  slope  of  hill  side  should  be  as  flat  as  possible,  so 
that  one  may  see  round  to  the  other  side. 

As  excavators,  Gabulis  will  be  found  to  be  the  neatest  and  quickest 
workmen  for  earthwork,  and  they  have  generally  accurate  eyes  for  gradients 
and  slopes. 

In  building  culverts  over  rarines,  the  natural  slope  of  the  water-course 
should  not  be  interfered  with. 

In  filling  in  behind  dry  stone  walls  of  any  great  height,  only  stone  rub- 
bish should  be  used ;  clay  will  swell  if  it  gets  wet,  and  throw  the  wall  down. 

In  setting  out  a  hill  cart  road  from  the  plains,  it  is  most  important  to 
get  out  of  the  low  lying  valleys  as  rapidly  as  possible. 

As  soon  as  a  good  approach  from  the  plains  has  been  secured,  the  road 
should  ascend  to  4,000  feet  above  sea  level,  without  losing  any  distance, 
as  any  height  below  this  will  be  within  the  influence  of  malaria  at  certain 
seasons  of  the  year. 

\2th  September,  1876.  F.  H.  A. 
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No.  CCXXVII. 

NATIVE  LATRINES  AND  POUDRETTE. 

r  Vide  Plates  XXV.,  XXVI.  and  XXVH.] 


By  a  District  Engineer . 


This  nnBaTOury  subject  has  an  economic  aspect  which  makes  its  consi- 
deration a  matter  of  much  consequence.  The  effective  and  remunerafciye 
disposal  of  sewage  is,  in  Europe,  the  question  of  the  day,  and  is  exer- 
cising the  minds  of  the  ablest  Chemists  and  Engineers.  In  India  gene- 
rally the  subject  has  been  but  little  considered.  There  is  a  vast  amount 
of  apathy,  prejudice,  and  ignorance  to  be  o?ercome  before  the  natives  of 
this  country  will  adopt  the  system  of  the  Chinese  and  Japanese,  of  which 
an  account  will  follow.*  Even  European  countries  have  only  very  re- 
cently awoke  to  the  fact,  that  the  usages  of  the  seancient  nations  are  in 
strict  accord  with  the  principles  of  scientific  agriculture.  We  must, 
therefore,  not  be  impatient  if  the  Indian  ryot  declines,  without  any  very 
visible  demonstration  of  its  truth,  to  accept  our  views  of  the  matter. 
Municipal  Corporations,  Military  Cantonment  Committees,  and  their 
Engineers,  should,  on  these  subjects,  be  the  practical  educators  of  the 
people.f 

It  is  proposed  here  to  place  on  record  three  types  of  Native  Latrines, 
which  have  recently  been  designed  and  erected,  and  to  note  certain  facts 
regarding  poudrette,  which  ought  to  be  widely  known.  The  three  types 
are — 

I.    Latrine  for  8  persons,  in  which  the  evacuations  are  united.    ((Sr- 
culated  by  Local  Government). 

*  Quite  an  unique  caae  of  the  employment  of  refuse  ee  manure  byihe  KaohieB  of  Vankhated 
is  moet  intereaUngly  dewsribed  Xxy  B.  0.  Book,  Biq.,  B.C.8.t  in  the  Agricultural  Oaaetto  of  India 
t  Dr.  OomiA,  Saaitaiy  OomaliBiomr»  Ifadraa. 


PLATE  XXV. 


' 


.1 
^\ 

Lu    «t 

3-2   , 

^  It 


I 

r 

t 
I 

^■3  « 


i!l 


!l 

II 


i 


It 

c 
-a 


z 
o 

z 
o 

u 
III 


^-r:»ii:  --- 


»-w 


:e 


y]\ 


;s 

t 


'^f 


^ 


C 


1 


^■^■■^'--^■.,■■6 


k         «      • 


■ 


'« 


*         ....-■        1 

^^ 

»       « 

^  2'$"^ 

r 

i4 


m 


Z 

o 

< 
> 

M 
-i 
M 

« 
< 
IftI 

Of 


"T 

'in 


•  I 


I M-_l 


Ui 


MATIVB    LATRINES    AND   POUDRBTTK.  177 

II.  Latrine  for  14  persons,  in  which  the  alvine  and  renal  excreta  are 

separated.    (Circulated  by  Local  Government). 

III.  Latrine  for  16  persons,  (10  males  and  6  females,)  which  com- 

bines the  manufacture  of  poudrette.*     (Introduced  in  a  certain 
Hill  District). 

!•  Latrine  m  which  the  evacuations  are  united,  (vide  Plate  XX  V.J — Here 
the  whole  of  each  individuals  defeecation  is  received  in  a  large  pan,  covered 
with  earth  by  the  sweeper,  and  removed  when  necessary.  It  should  have 
a  front  screen  wall.     This  design  is  so  simple  as  to  need  no  further  remark. 

II,  Latrine  in  which  the  divine  and  renal  excreta  are  separated^ 
(vide  Plate  XXVI.) — In  this  design  each  native  squats  over  the  line  of 
junction  of  two  inclined  planes,  sloping  away  from  him  to  the  front  and  rear, 
down  which  the  substances  voided  pass.  The  fsecal  matter  falls  back  into 
a  paved  space,  from  whence  it  is  removed  by  the  sweeper.  The  urine 
flows  into  a  channel  in  front  leading  to  a  well,  in  which  is  placed  a  tub  to 
catch  it.  The  separation  of  the  solids  and  liquids  is  said  to  diminish  the 
quantity  of  earth  or  ash  used  as  a  deodorizer,  and  to  facilitate  removal : 
but  Mr.  Molesworth  considers  that  the  disadvantages  of  separation  out- 
weigh its  advantages,  and  that  a  liberal  supply  of  earth  gives  more  satis- 
factory results.f  The  Local  Sanitary  Commissioner  states  that  this  latrine 
in  practice  works  better  than  any  other  form  of  latrine  for  natives  with 
which  he  is  acquainted.  The  following  is  the  very  interesting  official 
Report  which  accompanies  this  admirable  design : — 

The  latrine  has  been  designed  to  suit  the  habits  of  the  Native  population  of  both 
sexes ;  it  admits  of  their  using  the  building  and  washing,  as  is  most  natural  to  them, 
out  of  doors,  while  the  most  modern  improvements  for  deodorbation  and  cleanly 
removal  of  solid  and  liquid  fscal  matter  have  not  been  lost  sight  ol 

No  arrangements  have  been  made  in  or  near  the  building  for  the  manufacture  of 
poudrette  ;  however,  vats  and  sheds  for  the  purpose  could  easily  be  provided  in  local- 
ities where  poudrette  is  in  such  demand  as  to  offer  any  chance  of  revenue  therefrom. 

The  area  covered  by  the  building  is  750  square  feet ;  it  is  calculated  to  afford 
accommodation  for  14  persons  at  one  time.    The  building  contains — 

One  central  sweepers'  passage  85  feet  X  8  feet ;  two  sets  of  latrines,  each  contain- 
iog  7  compartments  8  feet  X  8  feet,  with  passages  of  approach  8  feet  i^  width. 

Each  compartment  is  provided  with  a  raised  platform  10  inches  in  height,  with 
eentral  trough  9  inches  in  width,  and  from  6  inches  to  10  inches  in  depth,  with  slight 
inclines  in  front  to  admit  of  the  free  flow  of  urine  to  a  drain  leading  to  tubs  placed 
outside  to  receive  it,  and  in  rear  for  the  easy  removal  of  the  earth-covered  fsaces  by 
the  sweepers  to  the  central  passage. 

*  Foudretttt  a  Vrencb  word  meaning  **  detdcated  night  soil.** 

t  Vidt  Indian  Bnglneering,  (FInft  8«ieB,  1870J  Vol.  YII.,  pag«  S40. 
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Four  earth  binSf  each  containing  25  cnbic  feet,  are  placed  so  as  to  be  accessible 
the  sweepers  from  their  passage,  or  to  persons  nsing  the  latrine.    Each  bin  to  be  pi 
Tided  with  an  earth-scoop  to  lift  about  1  lb.  of  earth. 

Two  iron  tabs  for  the  reception  of  nrine,  and  two  wooden  tabs  with  ooTers  for 
removal  are  provided.    The  reqnisite  tools  are  provided  for  the  sweepers. 

The  entrances  are  all  screened,  and  at  each  end  an  easily  accessible  cistern  to 
tain  82  gallons  of  water  is  provided,  while  the  bailding,  though  well  sheltered 
rain,  is  tiioronghlj  ventilated. 

The  mixtare  of  asphalte  and  tar  to  be  used  on  the  floor,  trenches,  conipartm< 
and  all  walls  to  a  height  of  3  feet  all  round  inside,  soon  becomes  indurated,  and 
can  be  easily  washed  when  necessary. 

The  cost  of  repainting  all  troughs  and  drains  with  this  mixture  once  monthly] 
included  in  that  named  for  conservancy. 

In  the  conservancy  of  the  latrine,  earth  about  one  inch  in  depth  is  placed  by 
sweeper  on  the  rear  incline  of  the  trough ;  when  used  the  faces  is  covered 
earth  by  the  sweeper,  and  when  necessary  removed  down  the  incline  with  a  wc 
rake  into  the  sweepers*  passage,  where,  if  requisite,  more  earth  is  mixed  with  it. 
the  whole  at  certain  times  during  the  day  carted  away.    The  urine  tubs  are  also  i 
moved  when  necessary  by  the  same  carts  to  the  poudrette  depot 

As  it  may  be  useful  ta  state  the  work  required  to  be  done,  and  the  establishmc 
necessary  to  work  these  latrines  successfully,  the  following  note  is  appended : — 

From  the  data  obtainable  on  the  subject  published  in  various  Proceedings  of  GrO^ 
eroment  from  time  to  time  since  1868,  8  lbs.*  of  dry  earth  is  deemed  snflScient 
the  perfect  deodorization  of  the  daily  defssdation  of  an  adult  which  equals  5  oss. 
solid  and  10  ozs.t  of  fluid  excreta,  or  nearly  1  lb.f    To  this,  however,  has,  in 
case  of  natives,  to  be  added  about  one  pint  of  water  used  for  ablutionaiy  pi 
to  absorb  which  at  least  1  or  2  lbs.  more  of  earth  are  required.    To  supply  so 
a  quantity  of  dry  earth  and  remove  the  poudrette,  has  been  one  of  the  chief  diffici 
ties  in  carrying  out  the  dry  earth  system  in  latrines  constructed  for  the  use  'of  natives  j 
thus  with  the  view  of  economising  the  quantity  of  earth  to  be  supplied,  and  redw 
the  mass  to  be  removed  daily,  the  latrine  now  designed  is  so  arranged  that  the  sol 
faces  alone  is  deodorized  in  Htu,  while  the  less  offensive  fluid  excreta  and  water 
received  into  receptacles  conveniently  placed  for  the  purpose,  and  finally  remoi 
separately  to  the  poudrette  dep6t 

Allowing  for  waste  and  the  perfect  cleanly  removal  of  the  solid  matter,  the  quan*l 
tity  of  earth  used  in  these  calculations  is  1}  lbs.  per  head.  The  earth  bins  to  bei 
constructed  are  to  contain  100  cnbic  feet  of  earth,  7,000  Its.  in  weight,  or  suflident 
for  say  4,600  persons.  Taking  the  time  that  the  latrines  will  be  mostly  used  as  five 
hours  in  the  morning  and  three  in  the  evening,  and  each  person  occupying  a  com* 
partment  for  from  10  to  15  minutes,  the  number  of  persons  the  latrine  of  14  com* 
partments  is  capable  of  accommodating  daily  is  say  500,  and  the  supply  of  eaiih 
would  be  sufiSdentfor  more  than  a  week. 

But,  practically,  take  100  cubic  feet  of  earth  as  requiring  to  be  snpplied  once 
weekly,  64  gallons  of  water  daily,  and  500  lbs.  of  excreta  plus  760  lbs.  of  earth,  and 

*  Barely  thii  i»  double  what  is  needed. 

t  Barely  theie  arc  mlitakee— 46  oia.  of  flold  ezereta,  and  M  oaa.  in  an  wooM  be  neaivr  the  nazk. 
Baldwin  Latham  givee  If  on.  of  tmom,  and  86|  on.  of  orine— ia  all  99  on.  per  diem  of  a  mixed 
poimlatton. 
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When  the  miztore  in  the  vat  has  become  thoroughly  deodorized  and  '^^ 

the  yat  is  full,  the  pondrette  is  taken  out  and  thrown  into  the  covered  jq^^ 

shed  which  has  a  paved  floor  sloping  towards  the  latrine.     Between  the  ^ 

two  there  is  a  small  well  with  movable  lid  and  bucket,  into  which  the  ' 

moisture  from  the  poudrette  as  it  dries  in  the  shed  drains,  the  bucket 
being  occasionally  emptied  into  the  vat.  It  takes  no  long  time  for  the 
moisture  to  evaporate  from  the  mixture  stored  in  the  shed.  When  this 
occurs,  the  compost  becomes  as  odourless  as  common  earth,  and  no  excreta 
whatever  can  be  detected  in  it,  all  extraneous  matter  such  as  even  paper 
disappearing  also,  and,  so  long  as  it  is  kept  dry,  this  earth  mould  remains 
quite  inodorous.  The  poudrette  can  be  kept. in  the  shed  until  it  is  full, 
when  the  whole  can  be  sold  by  auction.  It  ought  to  fetch  at  least  Rs.  20 
per  ton.  It  has  been  found  that  1  lb.  of  dry  ash  will  deodorize  2^  fibs,  of 
excreta,  from  1^  to  2  9>s.  of  dry  earth  being  required  to  combine  with  each 
individuals  def sedation.  Almost  any  kind  of  earth  will  do  except  sand  and 
chalk.  It  is  often  possible  to  employ  the  same  earth  repeatedly,  if  desired, 
80  long  as  the  one  essential — dryness — is  observed.  It  will  thus  be  seen 
that  both  the  alvine  and  renal  excreta  are  caught  and  made  into  poudrette, 
little  or  no  water  being  allowed  to  mingle  with  them ;  hence  no  valuable 
manure  constituent  is  lost.  The  design  illustrated  has  been  constructed  in 
two  localities  near  a  weekly  market  and  Cantonment  bazaar  with  marked 
success,  the  ready  access  to  water  for  ablutionary  purposes  having  been 
greatly  appreciated.  But  every  case  must  be  carefully  considered  with  all 
its  attendant  particulars :  one  general  design  can  never  without  modifica- 
tion be  universally  applicable.  In  one  of  the  places  where  this  design 
was  erected,  it  paid  back  its  entire  cost  after  deducting  all  working  ex- 
penses and  repairs  in  three  years.* 

*  The  following  quotation,  from  the  Inspection  notes  of  a  Senitsty  Commissioner,  will  forcibly 
■bow  how  greatly  in  some  places  latrines  are  neglected.  **  Impelled  by  a  strong  sense  of  dnty  I 
Inspected  the  latrine  in  question  and  even  penetrated  to  its  eztremest  end.  I  was  rewarded  by  find- 
ing an  explanation  for  the  fact,  that  the  townepeoplo  prefer  to  dot  their  faecal  depoeits  all  OTer  the 
gronnd  sorrounding  the  latrine,  rather  than  enter  its  awfnl  gloom.  The  door  is  so  narrow  that  a 
stont  banniah  might  ezp3rience  diiBcuIty  in  entering.  Escaping  a  plange  ankle  deep  into  deposits 
made  by  some  persons  who  had  conscientionsly  striven  hard  to  comply  with  the  desire  of  the  3f  ani- 
oipality,'bnthadbeennusbleto  get  beyond  the  entrance,  I  penetrated  into  the  building.  It  was 
dark,  nnTentilated,  and  abominably  oflensiye.  At  the  far  end  to  save  appearances  was  a  dry  earth 
box ;  but  there  was  no  evidence  ocnlar  or  nssal  of  the  employment  of  any  deodorant  within  a  recent 
period.  No  sweeper  was  in  attendance.  Outside,  a  wooden  box  with  iron  Ud  had  been  constructed 
to  receive  the  poudrette  from  the  latrine,  but  it  was  empty  :  and  one  ingredient  at  least  6f  poudrette 
itmaiued  within  the  latrine  and  around  it.  It  is  not  possible  to  blame—**  very  justly  observes  the 
Ckimmissioner  "— stiU  less  to  prosecute  natives  for  declining  to  worship  in  such  a  temple  of  CUmcfma 
ai  this,  and  until  it  la  Improved,  any  open  space  in  the  neighbourhuod  will  be  preferred." 
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In  Enrope,  if  blood  be  incorporated  with  clay  so  as  to  make  a  kind  of 
paste  the  mass,  instead  of  putrefying  and  becoming  offensive,  may  be 
kept  in  summer  at  a  temperature  of  80°  to  84°  Fahr.  for  more  tban  a 
fortnight,  without  giving  the  slightest  sign  of  smell.  The  above  fact 
suggests  an  economy  and  improvement  of  the  value  of  the  poudrette 
manure  by  the  blood  and  other  refuse  from  the  town  abattoirs,  and  the 
crushed  bone  and  other  rubbish,  both  animal  and  vegetable,  from  the  town 
sweepings  being  mingled  with  the  compost.  In  the  Goimbatore  District 
of  the  Madras  Presidency,  all  the  vegetable  refuse  daily  swept  from  the 
streets  is  burnt  to  ashes  in  cinerators  attached  to  each  latrine,  and  the 
ashes  are  used  to  hasten  the  dessication  of  the  solids  and  liquids,  and  to 
aid  in  forming  the  poudrette.  Two  samples  of  poudrette  obtained  from 
a  latrine  of  the  above  kind  mixed  with  crushed  bone  and  blood  were 
examined  by  two  independent  chemists  at  two  separate  periods,  with  the 
following  results : — 

Sample  examined  in  1873. 

100  parts  after  drying  contained  organic  matter,        •  •         • .       2268 
„  „  „  mineral  matter,        ••        ••       77 '37 

10000 


The  following  substances  were  found  in  100  parts  of  the  manure  after 
drying : — 

Bone  earth,  10*28 

Ammouic  salpbate,  # 6*17 

Fotassic  carbonate,  ..         •.         ••         ••         ••         ••         4*34 

and  its  value  was  estimated  at  £5  per  ton. 
Sample  examined  in  1874. 
One  hundred  parts  of  the  manure  as  received  yielded — 

Water,        9*2 

Organic  matter, 20*06 

Mineral  matter,     ••         ••        ••        ••        ••         ..         ..       70*74 

100*00 


The  following  substances  were  found  in  100  parts  of  the  undried 
manure : — 

Nitrogen • ••         1*60 

Phosphoric  acid, 2*64 

Fotassic  chloride, 1*91 
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One  hundred  parts  of  the  same  manure  dried  at  100°  Cent,  yielded — 

Organic  matter, .  •  22028 

Mineral  matter, . •  «         ••     77*972 

100000 

And  the  following  substances  were  found  in  100  parts  of  the  dried 

manure — 

Ammonia, 1*65 

Phosphoric  acid, 2'91 

Potasaiam  chloride,  2*18 

We  hence  observe,  how  out  of  a  community  of  human  beings,  all  the 
waste  products  which  in  themselves  are  offensive  and  worthless,  and  have 
at  all  costs  to  be  removed,  can  not  only  be  disinfected,  but  converted  into 
inocuons  substances  of  sufficient  value  to  yield  a  return  in  money  much  more 
than  sufficient  to  pay  for  the  means  by  which  their  conversion  is  efi^ected. 

It  will  here  be  useful  to  note  certain  facts  relating  to  this  subject,  which 
are  of  sufficient  importance  to  claim  the  attention  of  Indian  Engineers. 

The  human  body  takes  in  the  following : — 

Food  solid  and  liquid,  containing  in  all  75  per  cent  of  water,      74*40 
Oxygen  taken  in  by  the  lungs,  . .  25*60 

10000 

The  above  it  gives  out  as  follows : — 

Water  perspired  by  the  lungs  and  skin, 84*80 

Carbonic  acid,        8020 

Evaouatioru  solid  and  liquid, 84  50 

Other  losses,           0*50 

100-00 


Thus  the  excrements  are  mainly  derived  from  food.  In  his  daily 
bread,  man  consumes  the  ash  constituents  of  the  grain  from  the  flour  of 
which  bread  is  made :  in  meat  he  consumes  the  ash  constituents  of  flesh. 
Chemical  analysis  demonstrates  that  the  excrements  of  man  contain  the  I 

ash  constituents  of  bread  and  flesh,  very  nearly  in  the  same  quantity  as 
they  exist  in  the  food,  which  in  the  body  undergoes  a  change  similar  to 
that  which  would  take  place  in  a  furnace.    The  urine  contains  ihe  soluble,  [ 

the  fseces  the  insoluble  ash  constituents  of  food,  the  stinking  substances 
being  the  smoke  and  sort  of  an  imperfect  combustion.* 


I 

I 
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Human  nrine  conaisis  in  1 ,000  parts  of — 

Water, 

Urea  and  other  organic  matters  containing  nitrogen,         .  • 
Phosphates  of  ammonia,  soda,  lime  and  magnesia,  . . 

Salphates  of  soda  and  ammonia,        

Sal  ammoniac  and  common  salt,        
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988 

49 

6 

7 

6 


1000 


1,000  lbs.  of  nrine,  therefore  contains  68  lbs.  of  drj  fertilizing  matter  of 
the  richest  quality,  worth  in  England,  at  least  10  shillings  a  cwt.  Again, 
human  nrine  contains  as  above  0*6  per  cent,  of  phosphates,  which  are  of 
great  yalne  as  fertilizers.  These  are  entirely  absent  from  the  urine  of  all 
other  animals.  The  urine  of  two  men  is  considered  in  England  sufficient 
to  manure  an  acre  of  land.  Each  full  grown  human  being  voids  in  a 
year  at  least  one>twentieth  of  a  ton  of  faecal  matter,  and  more  than 
1,000  R>s.  of  urine.  The  average  amount  of  ammonia  voided  annually 
by  an  individual  of  a  mixed  population  of  both  sexed  and  all  ages  is  in 
urine  11-32  Ifos.,  in  faeces  1*64  fi>s. ;  total  12-96  lbs. :  and  the  estimated 
money  value  of  the  total  constituents  is  in  urine  7«.  Bd,,  in  faeces  Is.  2|{|. ; 
total  8s.  5  j(^.  *  Thus  we  see  that  the  amount  of  valuable  matter  con* 
tained  in  the  urine  in  the  24  hours  is  considerably  greater  than  that 
contained  in  the  faeces  in  the  24  hours.  Weight  for  weight,  the  faeces 
are  more  valuable  than  the  nrine,  but  the  total  faeces  are  much  less  valua- 
ble than  the  total  urine. 

It  thus  sppears  that  night  soil  is  the  most  valuable  of  all  animal  ma- 
nures. It  varies  in  richness  with  the  food  consumed  by  the  persons.  In 
some  of  the  towns  of  Central  Europe  this  fact  is  so  well  known,  that 
where  a  mixed  population  of  Protestants  and  Roman  Catholics  live 
together,  the  neighbouring  farmers  give  a  larger  price  for  the  house  dung 
of  the  Protestant  families.  In  Persia,  the  night  soil  of  the  Russian  fami- 
lies is,  for  a  similar  reason,  preferred  to  that  of  the  less  flesh  eating 
Mahomedans. 

Poudrette  to  be  sold  as  manure  should  consist  simply  of  the  dessicated 
excrements  of  man  made  into  a  transportable  form  with  the  ammonia,  . 
nitrogen,  and  other  volatile  substances  fixed  in  it.     Certain   substances 
(such  as  ash,  peat,  saw  dust,  vegetable  soil  and  earth,  generally)  are  added 
to  make  it  drier  and  more  convenient  for  removal.    All  additions  of  the 


•  Oorflekl. 
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kind  of  course  diminish  the  percentage  of  effective  food  elements,  and 
increase  the  cost  of  transport.  They  should,  therefore,  be  reduced  to  a 
minimam.  The  use  of  disinfectants  in  no  way  deprives  the  poudrette 
of  any  of  its  fertilizing  virtues,  as  the  following  example  will  show.  Some 
years  ago,  orders  were  issued  by  the  authorities  of  the  German  town  of 
Garlsruhe  to  disinfect  the  pits  containing  the  poudrette  with  sulphate  of 
iron  before  emptying  them.  The  farmers  who  were  in  the  practice  of 
purchasing  the  poudrette  took  alarm,  and  at  first  refused  to  buy  the  disin- 
fected article.     But  in  time  they  found  there  was  no  cause  for  fear,  and 

the  disinfected  dung  soon  commanded  as  high  a  price  as  the  article  in  its 
purer  state. 

In  Paris,  Berlin,  and  other  large  Continental  cities,  poudrette  is  exten- 
sively prepared  and  exported  in  casks  to  other  parts  of  the  country.  It 
is  said  to  equal  in  efficacy  30  times  its  bulk  of  horse  or  street  manure, 
and  is  applied  at  the  rate  of  from  15  to  85  bushels  per  acre.*  In  Lon- 
don, Edinburgh  and  Glasgow,  night  soil  is  dried  with  various  admixtures 
into  animalised  charcoal.  At  Rochdale  (England)  the  excreta  are  manu- 
factured into  a  portable  manure  at  a  cost  of  14  shillings  a  ton;  this 
manure  commands  a  ready  sale  at  15  shillings  a  ton.  Near  Nice,  poudrette 
is  extensively  put  to  orange  trees  and  scented  flower  trees,  and  to  other 
things  which  require  a  rich  manure.  At  the  Broadmoor  Lunatic  Asylum, 
at  various  English  Schools  and  Jails,  and  at  the  annual  camp  at  Wimble- 
don, the  dry  earth  system  of  latrines  has  been  tried  with  success  and  pro- 
fit. In  China,  night  soil  is  kneaded  with  clay  into  cakes,  which  are  dried 
in  the  air  and  under  the  name  of  taffo^  form  an  important  article  of  ex- 
port from  all  large  cities  of  that  empire.  In  Persia,  it  is  dried  in  the  sun 
and  reduced  to  powder :  mixed  with  twice  its  bulk  of  dry  soil,  it  is  then 
used  for  raising  the  finest  melons. 

In  Germany,  some  most  interesting  and  suggestive  facts  have  been 
recorded  by  Leibig.  In  the  Rastadt  fortress  and  Baden  barracks,  the 
privies  are  so  constructed,  that  the  seats  open  through  wide  funnels  into 
casks  fixed  upon  carts.|    By  this  means  the  whole  of  the  alvine  and 


*  In  Paris,  larg«  oeispools,  whloh  take  a  year  to  fill,  actually  exist  under  each  taonae.  Tbey  are 
proTided  with  yentilatlng  shafts,  and  are  emptied,  when  nearly  fall,  by  means  of  carts,  in  whloli 
a  partial  racaam  is  first  created,  so  that  w^en  the  hose  connects  the  cart  with  the  cesspool,  the 
ssmi-liqaid  stall  rises  ap  and  fills  the  toiMisaii.  The  emptying  of  these  pita  is  said  to  be  a  fearful 
nuisance. 

f  Vide  ladiah  BBfinealnff,  (Flnt  Series,  IS70,)  Vol.  Vn.,  pageSSS. 
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rensl  excreta  are  collected  without  any  loss.  When  the  casks  are  fhll 
they  are  re-placed  by  empty  ones.  A  cart  complete  costs  £10,  and  lasts 
5  years.  The  Army  Administration  in  Baden  in  1856  and  1857,  (when 
the  system  was  began,)  expended  £370  on  carts  and  casks.  This  snm 
was  speedily  repaid  out  of  the  proceeds  of  the  manure.  The  collectire 
number  of  the  troops  around  Baden  averaged  8,000  men.  The  receipts 
from  manure  sold  in  seven  years  averaged  £500  per  annum.*  The 
annual  cost  of  maintenance,  repair  of  carts,  d^c,  was  £60.  The  food  of 
the  soldier  in  Baden  consists  chiefly  of  bread  and  of  certain  daily  rations 
of  meat  and  vegetables.  Each  soldier  consumes  2  fibs,  of  bread,  and  there 
are  8,000  soldiers  in  all.  Assuming,  that  1|  lbs.  of  corn  produce  2  lbs.  of 
bread,  the  excrements  of  the  soldiers  in  the  Grand  Dcchy  of  Baden  give 
annually  the  ash  constituents  required  for  the  production  of  39,055  cwts. 
of  com.  The  peasants  around  Rastadt  and  the  other  garrison  towns, 
having  found  out  by  experience  the  powerful  fertilizing  effects  of  these  ex- 
crements on  their  fields,  pay  for  every  full  cask  a  certain  sum,  (annually 
increasing,)  which  has  long  since  not  only  repaid  the  original  outlay  and 
covered  the  annual  cost  of  maintenance,  repairs,  and  working,  but  has  left 
a  handsome  profit  to  the  Military  Department.  The  results  of  the 
use  of  pondrette  in  these '  districts  are  most  remarkable.  Sandy  wastes 
around  Rastadt  and  Carlsruhe  have  been  turned  into  smiling  cornfields  of 
great  fertility. 

Human  excrement  in  the  form  of  manure  is  extensively  used  in  Japan 
in  a  very  wholesale  and  extraordinary  manner.  For,  Japan  is  a  country 
without  a  single  head  of  cattle,  without  guano,  bones,  saltpetre  or  rape- 
cake.  The  only  manure  producer  in  Japan  is  man.  In  each  house  even 
of  the  poorest  peasant,  the  privy — in  the  shape  of  a  very  clean  neat  cabi- 
net nicely  papered,  occupies  a  position  in  the  interior  of  the  dwelling,  out 
of  the  way  of  wind  and  rain.  In  this  closet  there  is  no  seat  but  a  hole 
through  which  the  evacuations  fall  into  a  bucket  or  tub  (often  of  earthen- 
ware) with  projecting  ears,  t-hrough  which  a  pole  can  be  passed  to  carry  the 
vessel.  In  some  instances  a  layer  of  chopped  straw  is  placed  at  the  bot- 
tom of  the  vessel  and  sprinkled  over  the  evacuations.  As  soon  as  the 
vessel  is  full,  it  is  taken  out  and  emptied  into  a  larger  vessel  placed  either 
in  the  outer  yard  or  in  the  adjoining  field.    These  vessels  are  large  casks 

*  At  OiVaingen  the  jwrly  profit  bj  the  nle  of  pondrette  amonnte  to  £1,600»  at  Aatunrp  to 
£3,700,  and  st  Ostand  to  £700. 
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or  enormons  stoneware  jars  of  a  capacity  of  12  cubic  feet,  let  into  the 
ground  nearly  to  the  brim.     In  these  the  pondrette  is  prepared.    The 
excrements  are  diluted  with  water,  (no  other  addition  of  auy  kind  being 
made  to  them,)  and  are  stirred  until  the  entire  mass  is  worked  into  a 
homogeneous  pulp.     In'  rainy  weather  the  yessel  is  covered  with  a  moTe- 
able  roof  to  shield  it  from  the  rain :  in  dry  weather  this  covering  is  re- 
moved to  admit  the  action  of  sun  and  wind.    The  solid  ingredients  of 
this  mixture  gradually  subside  and  fermentation  sets  in,  the  water  evapora- 
ting.    By  this  time  the  privy  pan  is  ready  to  be  re-emptied.     A  fresh 
quantity  of  water  is  added,  the  whole  mass  is  again  stirred,  and  so  the 
process  goes  on  until  the  large  cask  is  full.     When  this  occurs,  after  the 
whole  has  been  thoroughly  mixed  up,  the  mass  is  left  for  two  or  three  weeks, 
when  it  is  used  in  the  adjoining  fields  with  an  addition  of  water  in  a  liquid 
state.     Under  no  circumstances  is  the  manure  used  in  its  fresh  state. 
The  Japanese  leaves  the  ammonia  to  be  decomposed  by  the  sun  and 
volatilized  by  the  wind,  but  takes  the  greatest  care  to  shield  the  solid 
ingredients  from  being  wasted  or  swept  away  by  rain.    To  show  how 
greatly  the  Japanese  appreciate  the  value  of  this  human  manure,  which 
can  hardly  be  called  pondrette,  it  may  be  stated  that  wherever  his  field  is 
bordered  by  public  roads  or  footpaths,  he  places  casks  or  pots  buried  in 
the  ground  nearly  to  the  rim,  and  urgently  requests  the  travelling  public  to 
maibe  use  of  the  same !    And  so  well  is  this  call  responded  to,  that  a 
German  traveller  of  repute,  in  all  his  extensive  wanderings  through  the 
country  even  in  the  most  remote  valleys  and  in  the  homesteads  and  cot- 
tages of  the  poorest  peasantry,  never  discovered  the  least  trace  of  human 
excrement.     In  many  parts  of  Japan  also  caravans  of  pack  horses,  which 
have  brought  manufactured  articles  a  distance  of  two  or  three  hundred 
miles  from  the  interior  to  the  Provincial  capital,  are  sent  home  again 
freighted  with  buckets  of  manure  in  a  dry  solid  state.     And  in  other 
parts  where  water  carriage  is  available,  thousands  of  boats  may  be  seen 
early  every  morning  laden  with  high  heaps  of  buckets  full  of  the  precious 
stuff,  which  they  carry  by  means  of  canals  from  the  cities  to  the  country, 
these  boats  coming  and  going  with  the  regularity  of  the  post! I     But 
this  is  not  all.     In  the  evening  long  strings  of  coolies  are  met  with  on 
the  road,  who  having  in  the  morning  carried  the  produce  of  the  country 
to  the  town,  are  returning  home  each  with  two  buckets  of  manure,  not  in 
a  solid  and  concentrated  form,  but  fresh  from  the  privies  HI    The  result  of 
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all  this  systematic  annaal  manuring  of  the  soil  in  Japan  is,  that  the  lands 
have  yielded,  in  constant  succession  without  intermission  for  thousands 
of  years,  good  ayerage  crops.  And  the  Japanese  empire,  which  occupies 
an  area  equal  to  that  of  great  Britun  and  Ireland  though  it  contains  a 
larger  number  of  inhabitants,  not  only  maintains  them  without  any  sup- 
ply of  food  from  other  parts,  but  actually  exports  no  inconsiderable  quan- 
tities of  food  to  other  Gonntries ;  whereas,  as  is  well  known,  England  is 
compelled  to  import  com  from  foreign  countries  to  the  extent  of  many 
millions  of  tons  per  annum. 

In  India,  some  experience  has  been  gained  regarding  the  practical 
application  and  economic  value  of  poudrette,  which  may  be  in  conclusion 
noted  here.  It  has  been  found  that  if  the  excreta  are  allowed  some  ten 
months  to  assimilate  with  the  soil,  any  crop  should  flourish  in  ground 
manured  with  poudrette.  Much  depends  on  the  chemical  composition  of 
the  dry  earth  used  to  form  the  manure.  At  Oomraoti  and  SKeagaum,  pou- 
drette was  tried  on  cotton  lands  with  little  or  no  result :  this  was  attri- 
buted to  the  pulverized  moorum  and  wood  ashes  which  were  separately 
used  as  deodorizers.  Poudrette  made  with  dried  pulverized  clay  was  very 
effective  on  strong  coarse  crops,  such  as  sugarcane,  jowar,  sorghum,  Indian 
corn,  melons,  cabbages,  &c.  The  market  gardeners  at  Vatehgarh  have 
worked  the  pure  night  soil  into  their  lands  very  effectually,  and  have  raised 
three  successive  crops  (Indian  corn,  potatoes  and  tobacco)  a  yea'r  on  the 
same  land.  Poudrette  mixed  with  other  manure  is  very  generally  used  at 
Bangalore^  and  is  there  well  known  and  highly  appreciated  as  a  valuable  fer- 
tilizer. At  Akola,  experiments  showed  that  the  outtam  on  land  manured 
with  poudrette  at  the  rate  of  one  ton  per  acre  was  72  Ifos.  of  clean  cotton 
per  acre,  while  land  manured  with  bones  yielded  99  fibs.,  and  that  with 
farm  yard  manure  77  fibs.,  unmanured  land  producing  26  fibs.  The  only 
obstacle  to  the  speedy  introduction  of  poudrette  as  a  manure  amongst  the 
cultivators  of  Akola  is  their  caste.  They,  however,  acknowledge  its  excel- 
lence as  a  manure,  but  say,  that  if  a  field  is  manured  with  it,  and  there 
happens  to  be  a  scarcity  of  rain,  the  plant  will  bum  up  through  the  heating 
qualities  of  the  poudrette,  but  that  with  an  ample  rainfall  the  manure  is 
excellent.  At  Oomraoti^  an  acre  of  land  deeply  ploughed  and  manured 
with  poudrette  produced  101  fibs,  of  clean  Hingungh&t  cotton,  against  an 
outturn  of  25  tbs.  from  unmanured  land. 

From  experiments  in  JSerar,  it  appeared  that  it  was  far  better  to  plough 
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the  pondrette  deep  ander  the  soil  for  cotton,  than  to  put  it  on  as  a  top 
dressing.     It  was  found  to  be  in  a  great  degree  beneficial  when  coming  in 
contact  with  the  roots  of  plants.     In  the  Hyderabad  (Deccan)  Jails,  it 
proTed  an  excellent  manure  when  used  sparingly  or  in  a  rery  stale  state : 
large  quantities  of  it  nsed  fresh  caused  the  vegetables  to  bum  up.     The 
gardeners  of  Sind,  who  are  Baniaa,  are  well  acquainted  with  the  use  of 
poudrette;  but  the  Mahomedans  do  not  employ  it.     When  used,  it  is 
sprinkled  over  the  surface  of  the  ground  and  applied  to  the  roots  of  yaluable 
plants,  such  as  bang,  tobacco  and  safron.     In  Surat  and  in  Ncuick,  night 
soil  mixed  with  ashes  is  sold  to  Hindu  cultivators,  who  use  it  without  the 
least  prejudice.    The  health  officer  in  Bombay  reports,  that  he  .made  '*  in* 
*'  the  rudest  manner  a  manure  by  mixing  fresh  night  soil  in  a  pit  with  the 
'*  ashes  of  burnt  town  sweepings,  and  then  spreading  the  mass  by  handfuls 
'*in  the  sun  to  dry,  which  it  did  in  a  few  days,  this  manure  resulted  in 
"  an  earth  which  was  inoffensire  to  sight  or  smell."    In  the  DeccaUy  night 
soil  has  long  been  utilized  under  the  name  of  **8onkhud"  or  golden 
*'  manure. "    In  Oudh^  night  soil  has  been  used  by  native  cultivators  from 
time  immemorial,  with  immense  benefit  to  their  crops.*  The  public  garden 
at  Chindwarra  in  the  Central  Provinces^  has  always  been  manured  with 
poudrette,  and  has  long  been  noted  for  the  abundance  and  excellence  of  its 
produce.    In  the  Raipur  public  gardens  {Central  Provinces),  peach  trees 
were  found  to  require  poudrette  once  a  year,  guava  and  mulberry  trees 
once  erery  three  years :  the  trees  thus  manured  required  copious  waterings, 
owing  to  the  latent  heat  of  the  manure.     In  Bilaspur,  potatoes  cut  in 
halves  were  planted  in  trenches  manured  with  poudrette,  and  the  yield  was 
more  than  five-fold,  the  size  of  the  smallest  potatoe  being  double  that  of 
those  sown :  potatoes  sown  in  a  similar  manner  with  cowdung  gave  a  re- 
turn of  only  double  the  quantity  put  down,  the  potatoes  of  the  crop  being 
no  larger  than  those  sown.     In  the  North  West  ProvinceSj  there  is  a 
strong  prejudice  amongst  the  Natives  against  the  use  of  poudrette.     But 
from  experiments  in  the  Jail  Gardens,  it  is  found,  that  it  is  of  great 
Talue,  if  left  for  several  months  to  decompose  in  the  ground,  and  to  part 
with  its  fertilizing  elements  to  the  soil.    Similar  experiences  hare  been 
obtained  in  Bengal.    At  Trichinopoly,  human  excreta  from  the  latrines 
are  freely  purchased  by  the  natives  and  applied  with  good  results.     On 
the  NeilgherrieSf  the  town  sweepings  mixed  with  the  night  soil  are  in 
great  demand  for  the  coffee  lands  on  the  Oonoor  ghit.     In  the  Mercara 
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jail  a  certain  qoantitj  of  Qaecnsland  maize  manared  with  poadrette  yield- 
ed 253*17  per  cent,  of  grain,  and  165*57  per  cent,  of  straw,  in  excess  of 
the  yield  from  a  similar  quantity  of  seed  raised  with  cattle  mannre.  In 
the  town  of  Madras,  rery  large  quantities  of  night  soil  are  taken  by 
the  market  gardeners  and  cnltiyators  in  the  suburbs  of  the  town,  and  the 
natires  who  grow  plantains  for  the  local  market  will  actually  come  and 
pick  out  tJie  fresh  night  soil  out  of  the  mannre  depot  heap  and  take  that 
only,  if  permitted,  in  preference  to  the  decayed  manure. 

Indian  experience  generally  has  shown  that  poudrette  is  more  usefnl 
in  such  plants  as  contain  sugar  and  starch,  than  in  those  of  a  more 
nitrogenous  nature.  This  is  explained  by  the  more  yitalizing  effect  upon 
these  crops  which  the  phosphates  of  the  poudrette  have  in  conjunction 
with  the  carbonic  acid  of  the  vegetable  manure  with  which  it  is  gene- 
rally mixed. 

Three  points  should  be  attended  to  in  the  use  of  poudrette. 

1.  Not  to  apply  it  too  soon  or  fresh. 

2.  To  add  to  it  or  mix  with  it  some  decaying  yegetable  matter  such  u 

leaves,  straw,  saw-dust,  peat-dust,  or  ash. 

d.  To  secure  that  it  shall  receive  a  good  supply  of  water  by  rains  or 
by  artificial  means. 

The  first  point  is  common  to  all  manures,  but  it  needs  the  more  atten- 
tion in  poudrette,  because  of  the  quantity  of  gases  deleterious  to  vegeta- 
tion given  off  by  it  if  used  too  early.  The  second  point  of  observance 
is  peculiar  to  poudrette,  inasmuch  as  without  a  due  admixture  of 
vegetable  matter  to  furnish  a  due  proportion  of  carbonic  acid,  the  phos- 
phates in  which  poudrette  is  rich  are  not  utilized.  The  third  point  of 
plentiful  watering  is  needful  for  due  solution  of  the  matters  contained,  and 
to  present  them  in  a  form  in  which  they  can  be  absorbed  by  the  plants.* 

Spedfication  to  accompany  Estimate  for  constructing  a  Latrine  for  the  use 

of  Natives, 

Site,  Excavation. — The  site  to  be  cleared  of  all  grass,  bushes,  roots, 
&c.,  and  after  centre  lines  of  the  walls  have  been  pegged  out  and  breadth 
of  foundations  marked  on  gronnd,  excavate  trenches  to  the  full  depth 
shown  on  the  plan,  or  to  such  depth  as  the  locality  may  require. 

Concrete* — To  be  composed  of  three  parts  of  coarse  gravel  or  kankar, 

•  Dr.  Hendtnon  of  the  Bugalora  Central  Jail. 
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two  parts  rongbly  broken  bricks,  one  part  sand,  and  one  part  of  fresbly 
bnrnt  lime,  mixed  together  with  sufficient  water  to  allow  of  its  thorough 
incorporation. 

Foftndations. — Lay  one  layer  of  concrete,  6  inches  thick,  ram  well,  and 
level  all  round. 

Brick  and  Mortar  work.^Bricks,  best  well-burnt  bricks,  9'  x  4^'  X  2^' 
well  shaped  with  square  edges,  ringing  clear,  to  be  used.  The  bricks  to  be 
well  wet  with  water  before  being  used,  and  laid  in  proper  courses,  joints 
broken,  and  bond  preserved  throughout,  care  being  taken  that  all  the  ver- 
tical joints  are  well  filled  with,  and  each  brick  well  embedded  in,  mortar. 
The  walls  and  honey-comb  work  between  pillars  to  be  bonded  with  pillars. 

Mortar, — To  be  composed  as  directed  in  the  instlructions  given  in  Dr. 
Nicholson's  Report. 

Put  log  holes. '^Fiit  log  holes  for  scaffolding  not  to  be  placed  in  pillars. 

Honey-comb  work, — Open  brick  or  honey-comb  work,  as  per  plan,  to 
be  built  full  width  above  walls  between  pillars  as  shown  in  the  drawing ; 
joints  to  be  carefully  made  with  best  mortar,  and  all  interstices  left  clear. 

Arches. — All  arches,  where  stone  is  obtainable,  to  be  made  by  insertion  of 
a  flat  stone  over  openings  in  rear  of  latrines,  or  regular  turned  brick  arches. 

Pillar  caps, — Pillar  caps  to  be,  where  stone  is  cheap  and  easily  obtain- 
ed, of  stone,  otherwise  of  timber  not  less  than  3  inches  thick,  covering 
the  whole  area  on  top  of  the  pillars,  care  being  taken  to  lay  all  level. 

Boof, — Roof  timber  to  be  of  teak  :— 

Central  bressummer  5  inches  x  8  inches. 
Outer  „         4^    „      x  7      „ 

Rafters  2^    „       x  4      „ 

The  bressummer  to  be  laid  all  level,  and  central  bressummer  tied  by 
six  iron  ties  with  collars,  nuts,  &c.,  of  the  dimensions  given  in  the  detail 
drawing,  and  nuts  well  screwed  home. 

Rafters  to  be  notched  at  ridge  and  nailed  together,  and  slightly  notched 
at  bearing  points  on  bressuramers,  and  securely  nailed  to  them.  Rafters 
to  be  18  inches  from  centre  to  centre.  Then  nail  reepers  2'  x  1' 
4  inches  apart,  and  tile  dry  with  the  best  well-burnt  pantiles  ;  finish  with 
chunam  ridge,  and  borders  9  inches  broad,  2^  feet  apart. 

Flooring.  Asphalts  and  tar  composition. — At  all  entrances  build  in 
stone  curbing  as  shown  in  the  plan,  fill  floor  of  all  passages  with  con- 
crete as  before  specified,  with  slope  from  walls  to  drain  ^  inch  to  1  foot ; 
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central  sweepers'  passage,  concrete  floor,  to  slope  to  centre  as  shown  in 
plan ;  ram  the  whole  well  and  finish  smooth ;  when  thoroughly  dry,  paint 
the  whole  with  a  composition  of  coal  tar  and  asphalte  in  the  proportion 
of  1  lb.  of  asphalte  to  5  ibs.  of  tar. 

Troughs, — Brick  and  mortar  work  of  all  troughs  to  be  very  carefully 
laid,  and  slope  as  delineated  in  drawing  maintained ;  joints  laid  as  close 
as  possible,  ends  of  bricks  on  apex  of  slopes  to  be  ground  to  fit  close. 

Platforms. — Brick  and  mortar  work  of  platforms  to  be  securely  laid 
and  bonded  to  the  trough  work,  the  whole  to  be  well  smoothed  off.  Stone 
where  obtainable  at  cheap  rates  might  yery  properly  be  used  for  the  plat- 
form surfaces. 

Drain. — Lay  a  V  or  tile  drain  securely  bedded  in  mortar,  sides  level 
with  floor  as  shown  in  the  drawing,  with  a  fall  to  the  centre  of  3  inches 
in  10  feet,  and  to  out-fall  gutter  pipe  which  is  to  be  of  iron  1  foot  in 
length,  3  inches  diameter,  projecting  into  the  bucket  wells  4  inches. 

Water  Cistems.-^Two  cisterns,  each  to  hold  32  gallons  of  water,  to 
be  built  of  best  brick  and  mortar  in  the  localities  and  of  the  dimensions 
shown  on  the  plan,  with  stone  coping  firmly  laid  and  cramped  at  the  angles 
with  iron  cramps  leaded  in,  the  side  pieces  to  be  built  at  least  6  inches 
into  the  screen  walls ;  the  cisterns  to  be  plastered  with  best  si!irk(  cement, 
well  polished,  and  kept  wet  and  protected  from  the  sun  till  firmly  set. 

Bucket  Wells. — Build  in  brick  and  mortar,  as  per  plan ;  paint  with  mix- 
ture of  asphalte  and  tar,  cover  with  wood,  and  build  ledge  to  exclude  rain. 
Buckets. — Supply  two  iron  buckets  each  to  contain  6  gallons,  with 

handles  to  allow  of  insertion  of  bamboo  for  removal,  as 
per  standard  plan. 

Supply  two  wooden  iron-hooped  tubs  with  covers,  iron 
loop  handles,  as  per  drawing,  to  contain  18  gallons  for 
the  removal  of  urine  to  the  poudrette  depot;  paint 
with  tar ;  supply  two  bamboos. 

Fainting  with  Composition. — Three  feet  up  all  walls 

inside,  all  compartments,  division  walls,   earth  bins, 

platforms,  troughs,  drain,  &o.,  to  be  painted  over  with 

the  asphalte  and  tar  mixture  with  two  coats. 

Whitewash. — All  walls  and  screens  inside,  above  the  tar  paint,  all 

honey-comb  work,  to  have  two  coats  of  best  lime-wash ;  the  lime  to  be 

used  hot  and  slaked  on  the  spot. 
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Colour-wash, — All  walls  and  screens  ontsidetobecolonr-wasliedby  mix- 
ing coloured  earth  with  lime-wash  composed  as  above. 

Tools, — The  following  tools  to  be  supplied :— Four  iron  earth  scoops  to 

lift  1  ft),  of  earth,  two  wooden  rake  scrapers  with  blades  T''  X  5*  x  1' 

t 

and  handles  4  feet  long,  2  baskets,  one  broom. 

Qravel. — The  spaces  between  the  main  and  screen  walls  of  the  building 
to  be  sloped  away  for  easy  drainage,  gravelled  and  rammed. 

Remove  all  rubbish. 
Abstract  Estimate  for  constructing  a  Latrine  of  14  Seats  at 


QnantitleB. 


Particulars. 


Rate. 


Per. 


Amount. 


Total. 


17* 

2,884 
418 

1,006 

87 

2,100 

116 

2,672 

10 

974 

119 

18 
24 
21 
4 
2 
2 
2 

2 


64}  Oabic  yards,  excavating  foundations 
and  filling  in, 

Cnhic  yards,  concrete  in  chnnam  for 
floor  and  foundations, 

Cubic  feet,  brick  in  chunom, 

Square  feet,  honey-comb  brickwork 
in  chunam, . . 

Square  feet,  roofing  with  nails,  pan- 
tiles, chunam  borders,  &c., 

Cnbic  feet,  teakwood  wrought  and 
put  up  for  bressummer  and  rafters. 

Running  feet,  teak  reepers,  2*  x  V, 

ths.  of  iron  wrought. 

Square  feet,  tarring  composed  of  1 
lb.  of  asphalte  to  6  lbs.  tar. 

Square    yards,  of    gravelling   well 
rammed. 

Square  feet,  white-washing  inside  and 
colour-washing  outside,    . . 

Square  feet,  sfirki  plaster  two  coats 
to  cisterns, •      ^  •• 

Running  feet,  stone  slabs  9*  X  7  , . . 
Do.  do.        18^  X  8"... 

Do.  do.  9''x3'',.. 

Iron  cramps  set  in  lead,  &c., 
„    bucketa  for  urinary  cisterns,  .. 

Wooden  buckets,  large. 

Trap  doors,  including  handle  and 
sine  flashing,  ..         •• 

Iron  gutter  pipes  1'  long  and  8^  dia- 
meter,        . .         •  •    _^  • '  -      V 
2    Rake  scrapes  with  blades  7^x6    xl  , 

4   Iron  earth  scoops, 

2    Baskets,         

1    Broom,  

Superintendence   and  sundries  at  6 
percent, 

Total  Estimate, 


BS.  A.  P 


c.  yd. 

c.  foot. 

sq.  foot 

sq.  foot 

c.  foot 

r.  foot 

lb. 

sq.  foot 

sq.  yd. 

sq.  foot 


t» 

r.  foot 

»i 

ti 
each. 

ft 
» 


M 
» 

19 


B&  A.  P. 


as.  A.  P. 
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No.  COXXVIII. 

SUTLEJ  RIVER-TRAINING  WORKS  AT  ADAMWAHAN. 

[2nd  Articlb]. 

[  nde  Plate  XXVIIL  j 


Report  by  E.  6.  Medley^  Esq.,  Exee.  Engineer^  and  NoUs  by  M. 
Raynb^  Esq.^  Supdg.  Engineer,  and  Col.  F.  W.  PeilBi  R.E., 
Engineer-in'  Chief, 


Report  on  the  Sutlej  River- Training  Works  for  the  season  of  1875^  by 

E.  B.  Medley,  Esq.,  Exec,  Engineer. 

The  Report  submitted  by  Mr.  Graham ,  late  Exec.  Engineer,  Sntlej  Bridge 
Division,  describes  the  operations  carried  ont  from  their  commencement 
to  aboat  the  end  of  September  1874.  The  operations  to  be  described 
since  carried  ont,  will,  I  think,  be  more  readily  understood,  if  divided 
into  the  following  heads,  viz. : — 

1st,  Those  operations  undertaken  dnring  the  cold  season  at  low  water 
level,  and  immediately  depending  on  the  ensuing  floods  for  their  effects. 
For  example— construction  and  repairs  to  tree  bunds. 

2nd,  Operations  executed  at  ordinary  flood  time,  but  depending  on 
higher  floods  expected  for  their  effects.  j&Jxom/}^— attempts  to  direct  main 
channel  from  a  winding  to  a  straight  course,  by  scouring  through  shoal  or 
sand  bank — forming  by  means  of  100  feet  "  net  spurs." 

Brd.  Operations  undertaken  at  the  end  of  the  flood  season  and  conti- 
nued on,  to  stop  the  cutting  and  undermining  of  the  permanent  bank,  or 
for  the  protection  of  ^'  sand  banks  "  required  for  well  sinking  operations. 
The  means  applied  being  '^  weed  spurs  "  with  fascines  and  brushwood. 

Under  the  first  head,  the  following  were  the  works  executed  :— - 

On  north  bank  (Adamwahan  side).  Three  new  tree  bunds  abont  600 
running  feet  in  average  length  each,  were  constructed  below  site  of  bridge 
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Also  two  tree  bnnds  above  site,  making,  with  the  two  bunds  of  pre- 
Tions  year,  a  total  of  seyen  bunds,  made  with  the  object  of  protecting 
bungalows  and  bank,  and  further  to  silt  up  the  deep  channel  and  bay  made 
by  the  river  years  previouslyr  The  two  bunds  of  the  former  year,  just  re- 
ferred to,  were  also  considerably  strengthened  and  repaired. 

At  Qoodpoora  about  6  miles  up-stream,  right  bank  and  above  D  bund, 
two  short  spurs  partly  of  "  weeds  and  trees  "  were  also  constructed,  and 
marked  D^  and  D'. 

At  D  the  first  <<  weed  bund  "  made,  the  bushes  had  nearly  all  subsided 
in  the  previous  floods.  A  new  bund  of  trees  and  bushes  was  constructed 
about  three  or  four  chains  in  advance  of  remains  of  first  bund.  On  the 
south  bank,  Bahawalpur  side,  the  bunds  marked  L,  E,  G,  F,  G,  B,  A,  were 
all  considerably  strengthened,  and  when  subsidence  had  taken  place,  fresh 
trees  or  bushes  besides  new  trongahs  and  rope  material  were  substituted  for 
the  old. 

A  new  '^  tree  bund  "  was  also  constructed  about  quarter  of  a  mile  above  A, 
to  assist  in  diverting  the  scour  from  the  latter.  The  new  tree  bund  marked 
M,  about  three-quarters  of  a  mile  in  length,  was  also  constructed.  This 
being  the  longest  bund  yet  made,  the  amount  of  labour  and  material  used 
on  its  construction  was  considerable.  These  "  tree  bunds  **  with  the  ex- 
ception of  some  slight  modifications  to  be  presently  noticed,  were  con- 
structed as  formerly,  viz.,  with  trees  or  bushes  tied  together  with  8^,  5*" 
and  2|^  rope,  and  weighted  with  trongahs  or  nets  filled  with  brick,  but 
having  no  casks  as  used  in  the  construction  of  ''  weed  spurs.'*  The  old 
material  used  on  all  the  old  bunds  had  mostly  subsided  or  rotted  away-* 
new  material  had  to  be  substituted  almost  throughout,  with  the  excepticm 
of  a  fair  quantity  of  the  ''  brick  "  which  was  made  use  of  a  second  time, 
having  been  recovered  by  digging  up  the  old  trongahs.  One  of  the  modi- 
fications in  construction  should  be  noticed  here,  viz.,  when  the  bunds  con- 
structed crossed  the  deepest  water,  that  portion  of  the  bund  was  doubled 
throughout.  The  object  being  to  divert  the  heavy  scour  that  had  taken 
place  previously  from  the  old  to  the  new  portion. 

On  the  subsidence  of  the  floods,  I  went  to  inspect  the  above  bunds,  an*d 
the  results  of  the  silting  up  of  the  Nowrungah  channel. 

From  the  **  Nowrungah  mouth"  (marked  "  dead  water")  to  the  mouth 
of  the  '<  Khanwah  canal"  about  half  way  between  E  and  G  bunds,  the  silt- 
ing up  is  very  nearly  completed.    Where  at  the  mouth  it  was  from  18  to 
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24  feet  in  depth  two  years  ago,  an  insignificant  channel  alone  remaining, 
the  rest  heing  a  sand  bank  silted  np  to  within  two  or  three  feet  of  the 
snrronnding  conntrj. 

From  the  month  of  the  Ehanwah  canal  to  F  bnnd.  Here  the  channel 
(having  been  left  open  during  the  season  to  supply  water  to  the  Bahawal- 
pnr  State)  has sconred  ont  again  to  a  depth  of  about  12  to  15  feet;  0,  F 
and  F'  bunds  which  were  partly  left  opened,  disappearing  almpst  entirely. 
300  feet  of  new  bund  will  be  required  to  restore  0  again ;  the  rest  of  it  on 
higher  ground  remaining  intact. 

From  F  on  to  B  bnnd  again,  there  is  a  channel  70  feet  in  width  yet  re- 
maining to  complete  the  silting  up  throughout  this  portion  of  the  length. 
At  M  bund,  beyond  the  trunks  of  all  the  trees  are  embedded  in  silt,  the 
ground  is  high  here,  only  the  surface  flow  passes  over  it. 

The  channel  where  A  bund  crosses  has  almost  silted  across.  Another 
bund,  next  year,  about  100  feet  long  only,  I  think,  will  effect  it.  On  the 
north  bank  at  the  seven  bunds  at  Adamwahan,  besides  those  at  Qoodpoora 
above  described,  the  silting  is  almost  completed.  Of  the  three  bunds  below 
the  "  siUf*  however,  scarcely  any  of  the  material  is  left,  having  done,  how- 
ever, some  good  in  silting  up  before  subsiding.  More  good  would  have 
been  done  had  not  the  ends  of  the  bunds  nearest  the  bank  been  destroyed 
to  allow  of  ^*  rafts  "  of  sleepers  to  pass  up.  Some  thousands  of  willow 
cuttings,  I  regret  to  state,  disappeared  through  the  mooring  of  the  above 
rafts  all  along  the  bank. 

The  above  being  a  description  of  the  heavier  works  constructed,  those 
of  a  minor  description  remain  to  be  mentioned  under  the  second  head. 

IsL    As  to  the  object  to  be  attained,  and 

2nd,    The  means  to  be  applied. 

The  object  to  be  attained  here  was  the  straightening  of  the  river's  course 
by  cutting  or  scouring  a  fresh  direction  for  it  across  the  shoals  or  sand 
banks  by  means  of  100  feet  nets. 

The  general  character  of  the  river,  should  I  think  be  briefly  referred  to, 
in  order  to  make  the  application  of  these  100  feet  nets  intelligible. 

In  its  usual  circuitous  course,  the  river  towards  the  end  of  the  season 
is  contracted  principally  to  one  channel.  It  then  begins  to  cut  and  nn- 
denhine  the  permanent  bank,  and  to  form  a  shoal  extending  nearly  across 
from  the  opposite  bank.  If  not  checked  either  by  natural  or  artificial  meanSi 
the  result  is  a  "  bight"  or  ''bend"  taken  ont  proportionally  extensive  and 
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mischieyons  according  as  the  bank  attacked  is  naore  or  less  sand  j ;  almost 
exactly  the  same  thing  goes  on  at  abont  eyerj  two  miles,  alternately  setting 
from  one  bank  on  to  the  other ;  the  one  bend  is  affected  by  the  next  one  higher 
np,  and  so  on.  Each  shoal  again  seems  in  size  dependent  on  the  extent 
of  the  jungle  or  ''  pilchi "  which  growing  along  the  edge  of  the  bank  at 
the  immediate  bend  np-stream  is  carried  down,  and  then  arrested  in  slack 
shallow  water,  accamulating  sand  at  down-stream  bend.  By  making  an 
experiment  of  cutting  and  removing  the  jnngle  first  of  all  along  the  im- 
mediate bank  in  anticipation  of  its  falling  in,  it  is  likely,  I  hope,  that 
some  good  may  result  therefrom. 

This  action  of  the  river  as  described  above,  continues  on  throughout 
the  cold  season,  and  remains  so  until  the  next  season's  floods,  which 
rising  and  spreading,  makes  a  fresh  course  for  iteelf  across  each  sand 
bank  thrown  up  the  previous  season,  the  now  new  course  of  the  river, 
being  the  old  channel  formerly  frequented  by  it  This  channel  again 
widens  out  across  the  sand  bank,  and  the  cutting  away  of  the  now  oppo* 
site  bank  goes  on  again  as  before.  This  describes  the  *'  general "  course 
of  the  river  only.  To  check  this  zig-zag  course,  attempts  were  made  to 
straighten  its  course  by  means  of  nets,  (100  feet  x  3  feet,)  the  meshes 
being  six  inches  square.  To  these  nets  were  tied  rope  trongahs  and 
casks  as  in  the  case  of  "  weed  spurs."  The  nets  were  placed  '*  en  echellon" 
and  at  a  su£Scient  angle  across  the  sand  bank,  so  as  to  intercept  a  portion 
of  the  main  stream  coming  down,  and  to  guide  it  across  in  anticipation 
that  at  the  next  rise  of  the  river  to  come,  a  scour,  aind  eventually  a  channel 
would  be  created  across  the  sand  bank,  giving  the  new  straight  course  to 
the  river  desired.  This  plan  was  carried  out  in  three  places,  viz.,  above 
spur  F,  below  F,  and  at  Lei-wahan,  where  the  respective  shoals  had 
formed.  These  spurs  were  laid  at  a  time  when  the  river  having  fallen 
somewhat,  left  the  shoals  exposed  sufficiently  to  work  upon.  The  success 
of  the  plan  was  only  partial ;  but  the  nets  did  check  the  direction  of  the 
stream  somewhat  above  F  spur,  as  at  the  time  it  was  flowing  on  to  the 
north  bank  at  Goodpoora,  which  side  it  left  to  flow  along  the  south  bank, 
where,  however,  it  was  about  then  due  in  the  natural  course  of  events. 
Below  Fy  where  the  nets  were  laid  later  in  the  season,  an  additional 
inducement  was  given,  by  digging  a  channel  across  the  sand  bank  im- 
mediately above  and  along  the  "  nets." 

The  two  subsequent  floods,  howeveri  which  occurred  did  not  create  the 
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result  hoped  for,  as  the  channel  remained  closed,  and  the  rirer  still  con- 
tinues its  course  round  the  sand  bank  in  preference  to  the  straighter  one 
marked  out  for  it. 

At  Lei-wahan  under  similar  circumstances,  the  river  had  been  flowing 
firom  there  on  to  the  south  bank  abore  E  bund.  It  had  kept  that  course 
throughout  the  cold  season  around  the  sand  bank  it  bad  formed.  The 
riyer  gradually  rising,  held  the  same  on  until  August,  and  which  it  did 
not  leave  until  half  of  L  bund  had  been  carried  away.  Before  leaving 
this  course,  however,  100  feet  nets  (as  at  F)  had  been  placed  across  the 
sand  bank  as  above  described. 

It  is  difiScult  to  say  to  what  extent  the  course  of  the  river  was  affected 
by  the  100  feet  nets,  and  the  resistance  offered  by  L  bund,  because  the 
change  in  its  circuitous  course  was  due  at  the  time,  and  the  change  took 
place  as  above  stated  ;  the  river  now  in  its  new  course  across  the  sand  bank 
keeping  close  under  the  Lei-wahan  bank,  which  it  commenced  to  cut  away 
with  great  rapidity.  From  this  point  the  river*s  course  now  flowed  down 
obliquely  upon  the  bridge  site,  destroying  in  its  passage  the  communica- 
tions between  P  and  Q  piers,  besides  commencing  an  attack  on  the  bank 
above  the  abutment  wells.  Measures  were  taken  to  protect  this  permit 
nent  bank,  as  well  as  to  check  the  cutting  at  Lei-wahan  in  the  way  des- 
cribed below  under  the  third  head.  Some  net  spurs  were  placed  to  try 
and  silt  up  the  disturbed  communications  between  P  and  Q,  as  also  to 
protect  the  bank  above  R  pier.  These  nets  put  in  with  double  casks  one 
extra  weighted,  held  well  for  some  time  in  strong  water,  but  eventually 
gave  way  before  a  rise  in  the  river  which  followed  soon  afterwards.  Al- 
though the  attempt  to  preserve  a  sand  bank  on  both  sides  of  the  river,  the 
same  as  the  previous  year,  was  not  successful  this,  nevertheless  an  extensive 
'*  sand  bank  "  was  thrown  up  extending  on  the  one  side  (Adamwahan  bank) 
right  across  nearly  to  the  other,  due  to  this  sudden  but  not  unexpected 
change  in  the  river's  course.  This  sand  bank  is  as  extensive  for  carrying 
on  the  well  sinking  operations  as  could  possibly  be  desired,  I  believe. 

Under  the  third  head  I  have  now  to  describe  the  system  of  defending 
the  bank  with  "  weed  spurs." 

These  spurs  were  placed  at  about  every  two  or  three  chains  apart  along 
the  bank,  in  a  strong  current  running  a  depth  varying  from  10  to  20  feet. 
The  bank  as  it  fell  in  from  time  to  time  was  sometimes  sloped  in  bad  places, 
forming  short  "  irregular  "  bights  in  between  the  '<  spurs  "  protected  also 
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bj  grass  or  jangle  tied  up  into  bundles,  and  allowed  to  drop  along  the  toe 
of  the  bank,  besides  the  projecting  ends  of  the  bights  being  protected  with 
stronger  brushwood.  In  this  way  at  Goodpoora  and  along  south  bank, 
(at  E  bund)  the  whole  length  on  both  sides  and  oyer  a  mile  in  extent  was 
protected  throughout  the  cold  season.  The  bank  fell  away  considerablj 
before  the  mischief  could  be  stopped.  This,  it  is  hoped,  will  be  avoided 
for  the  future  to  a  great  extent,  by  placing  the  spurs  at  a  good  angle 
to  the  bank,  instead  of  at  riglit  angles  which  was  formerly  done.  Two 
points  along  tlie  bank  attacked,  since  treated  th  this  way,  (viz.,  at  Lei- 
wahan  and  above  the  abutment  wells  on  south  bank,)  have  resisted  those 
readily  since  the  encroachments  of  the  river.  A  yery  large  bight  has  been 
taken  out  of  Lei-wahan  it  is  true,  but  this  would  not  haye  been  so  large 
had  material  been  more  easily  available.  As  it  was,  the  stock  of  material 
stored  at  different  sites  had  been  exhausted,  and  fresh  material  had  to  be 
dragged  up  riyer  in  boats  against  wind  and  current. 

The  second  point  above  mentioned,  aboye  the  abutment  wells.  The 
supply  of  material  was  more  readily  ayailable,  the  spurs  thrown  out  (about 
20  in  number)  and  200  feet  apart  held,  and  not  more  than  200  feet  of 
bank  was  carried  away.  I  would,  in  conclusion,  say  a  few  words  regarding 
the  supply  of  "  materiaV'  and  **work^*  generally  done,  and  to  be  executed 
for  next  season. 

1st,  As  regards  the  supply  of  "  trees  '*  and  "  bushes  **  which  has  now 
been  pretty  nearly  exhausted  in  the  immediate  neighbourhood  of  the 
riyer's  banks.  Our  next  supply  will  have  to  be  procured  from  a  greater 
distance  at  an  increased  cost.  The  various  operations  of  cutting,  loading, 
carting,  unloading,  and  with  water  carriage  besides,  makes  the  cost,  espe- 
cially of  large  trees,  to  yary  from  Rs.  1  to  4  each.  I  would  beg  leaye  to 
suggest  that  the  Forest  Department  be  called  upon  to  grow  trees  along 
both  banks  of  the  river.  Trees  of  five  years  growth  tied  together  where 
the  bank  happens  to  be  cutting  away,  weighted  with  trongahs  and  casks 
attached  to  the  lighter  trees,  all  together  would  form  '<  spurs"  as  effectual 
and  more  readily  made  in  place  of  the  nnavoidable  delay  and  expense  that 
has  to  be  incurred  at  present  in  procuring  the  trees  from  any  distance. 
The  land  all  along  the  south  bank  which  the  bunds  from  A  down  to  L  has 
silted  up,  could  be  made  to  grow  a  '^  forest  of  trees  "  about  half  a  mile  in 
width.  Between  Adamwahan  and  Lei-wahan  there  is  similar  waste  land. 
Such  trees  as  farash,  bab61,  date,  kurreel  and  pillew,  would,  I  think,  readily 
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grow  if  only  the  seed  was  scattered  broad  cast.  As  regards  the  principal 
trees  mentioned,  some  organization  would  be  required  for  the  first  few 
months.  Within  the  boundaries  of  the  colony,  I  have  already  sown  rows 
of  trees  along  the  bank  and  on  the  sand  beds,  and  behind  some  of  the 
bunds.  55,000  willow  cuttings  were  planted.  In  most  cases  they  have 
thri?on  notwithstanding  the  high  floods  which  submerged  them.  This 
season  they  are  being  pruned,  and  the  cuttings  obtained  planted  out.  I 
hope  in  this  way  with  the  assistance  of  the  *'  tree  bunds  "  protecting  the 
willows,  and  silting  up  to  make  the  Adamwahan  shoal  under  the  bank  a 
forest  of  cuttings  haying  deep  root  in  the  soil,  and  giving  considerable 
strength  to  the  bank.  Many  of  them  have  now  grown  to  a  height  of  10 
feet  with  stems  three  and  four  inches  in  girth.  They  hare  been  planted 
out,  and  extend  from  the  bridge  site  to  above  old  D  spur. 

Ifunj  rope  ma^^oZ.— -There  is  a  large  stock  in  hand  at  present,  which, 
I  believe,  will  go  far  towards  the  construction  of  bunds,  &c.,  this  cold 
season.  As  the  "  trongahs "  for  holding  brick  last  only  one  season,  I 
think  it  will  be  an  advantage  in  point  of  economy  to  reduce  the  quantity 
of  miinj  rope  used  in  their  cons  traction  still  further.  I  think  a  12  feet 
trongah  should  not  exceed  1^  maunds,  instead  of  from  1^  to  If  maunds 
as  at  present  made. 

Brick, — The  stock  in  hand  has  been  nearly  exhausted.  The  contractor 
who  made  the  bricks  up  river  having  failed,  the  rate  will  have  to  be  in- 
creased from  Rs.  10  to  Rs.  12  per  100  cubic  feet  delivered.  Up  to 
present  date  no  one  has  tendered  even  at  that  rate,  and  lately  I  have  had 
principally  to  rely  on  the  ^^peela"  and  overbumt  refuse  bricks  obtained 
from  Messrs.  Collins  and  Petmann. 

"  Casks. " — ^Tbere  has  been  (taking  the  two  years  together)  consider- 
able  loss  sustained.  Out  of  the  original  quantity  of  8,400,  only  1,500 
remain  on  hand,  the  rest  having  broken  away  from  their  moorings  or  been 
sunk  in  the  sand  banks  when  used  in  their  usual  capacity  in  the  "  weed 
spurs  "  constructed.  I  hope  to  avoid  the  loss  to  a  great  extent  for  the 
future,  by  fixing  wooden  brackets  on  the  casks,  and  to  prevent  thus  the 
ropes  buckling  round,  from  slipping  ofif,  as  they  have  done  in  numberless 
cases  I  believe. 

Kon." '*  Briok.'*  Since  the  abore  wm  written,  a  Tery  Important  laTlng  has  been  effecting,  by 
my  nbetltntlng  bagt  of  *'  date  matting"  flUed  with  earth,  in  lien  of  the  *' brick  and  trongah" 
formorly  "  need." 
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To  anticipate  the  likelihood  of  the  rivers  attempting  the  Adamwahan 
side  again,  and  indeed,  I  am  aware  of  the  neoessity  that  may  exist  for 
endeayoaring  to  force  it  oyer  to  some  extent  to  this  side,  in  order  to  com- 
plete the  well  sinking  on  the  soath  bank :  to  anticipate  any  such  set  of 
the  riyer  in  its  fall  strength  on  to  this  side  in  addition  to  strengthening 
the  existing  "bands"  (which  haye  of  coarse  sabsided  to  some  extent 
this  year),  they  should,  I  think,  be  reduced  in  length  and  splayed  off  to 
an  easy  angle  with  the  bank,  and  shorter ''  spurs  "  about  100  feet  or 
more  in  length  added  in  between.  I  would  haye  them  alternately  of 
''  weeds  "  and  "  trees, "  so  as  to  prevent  soour^  as  well  as  to  check  the 
surface  velocity.  The  material  could,  of  course,  be  transported  elsewhere 
should  these  defence  works  be  found  unnecessary.  Material  should,  I 
think,  be  laid  all  in  readiness  to  near  Lei-wahan,  a  length  of  3  mileSi 
now  only  partly  defended.  The  20  *'  weed  spurs  '*  lately  put  in  here  have 
checked  the  cutting,  but  they  should  be  renewed  at  the  end  of  the  cold 
season,  as  the  water  still  flows  strongly  over  some  of  them,  and  the 
material  will  soon  have  sunk. 

The  spars  or  the  material  for  them  should  be,  I  think,  at  every  200 
running  feet,  or  26  per  mile.  For  3  miles  this  would  give  a  length  of 
7,800  running  feet,  which  at  Rs.  5  per  ruoning  foot,  including  labour  kad 
material,  would  cost  Rs.  39,000. 

Material  should  also  I  think  be  placed  in  readiness  to  construct  similar 
spurs  along  the  south  bank,  between  the  "  abutment  wells  "  and  the  Now- 
rungah  mouth,  as  soon  as  those  now  existing  shall  have  done  their  work. 

The  distance  is  under  half  a  mile.  As  most  of  the  bunds  along  the 
Nowrungah  channel  from  A  to  L  are  intact,  and  the  channel  almost  silted 
up,  it  will  not  be  necessary  a  second  time  to  go  to  the  expense  this  cold 
season  of  renewing  them  as  regards  material  of  all  kinds.  Perhaps  F, 
but  at  any  rate  C  bund  should,  I  think,  be  restored  for  the  reasons  given 
above.  But  the  length  is  only  300  feet  across  the  channel  required  to 
restore  the  bund  to  what  it  originally  was. 

A  considerable  portion  of  L  bunds  having  been  carried  away  as  before 
stated,  suggests  alone  of  itself  the  liability  of  the  river's  making  a  dead 
set  successfully  at  any  point  along  the  bank,  and,  if  persisted  in,  would 
eventually  neutralize  all  the  results  of  the  closing  of  all  the  channels  now 
fast  silting  up  along  the  Nowrungah  from  A  downwards.  The  chances 
are  probably  in  favour  of  its  not  encroaching  to  that  extent,  but  the  set  of 
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the  rirer  is  already  on  the  end  of  M  spar,  and  a  "  floating  "  or  "  weed 
epur"  is  being  constructed  to  defend  the  high  bank  there.     This  may 
entail  other  *'  weed  spurs/'  and  this  may  in  connection  with  the  loss  of  L 
bund  suggest  the  advisability  of  not  continuing  the  cost  of  defence  works 
for  the  future  so  far  up  river  as  at  this  point,  that  the  river  if  left  to  itself 
80  far  up  IS  not  likely  at  all  to  encroach  farther  than  it  has  already  done  some 
time  back,  and  that  by  limiting  the  operations  more,  instead  of  carrying 
them  out  so  far  up  river,  would  give  an  additional  advantage  as  regards 
economy  and  supervision.     There  will  be  considerable  saving  in  expense 
in  not  having  to  renew  all  the  bunds  again  from  L  to  M  with  fresh 
material,  also  in  having  a  good  supply  of  m6iij  material  and  casks,  &c., 
on  hand  already  paid.     On  the  other  hand,  I  have  only  referred  to  the 
probable  requirements  on  the  south  bank  extending  no  further  than  the 
Nowrungah  mouth.     It  is  not  improbable  that  the  defence  works  may 
have  to  be  carried  up  as  far  as  L  or  even  to  E,  by  protecting  the  bank  all 
along  on  the  shorf  weed  spur*'  principle  above  referred  to. 

I  have  submitted  a  separate  "  Memo."  attached,  showing  the  total  ex- 
penditure incurred  on  different  sub-heads  of  work  since  the  commencement, 
viz.,  from  January  1874,  to  31st  August,  1875.    The  Memo,  includes 
cost  of  buildings,  viz. : — 

Temporary  Bungalows,  Observatory  Tower,  Worksheds  and  Godowns. 
I  believe  everything  is  included,  &c.,  excepting  some  trifling  stores  in- 
dented for,  for  repairs  to  boats,  casks,  &c.      The  total  and  descriptions  of 
the  three  kinds  of  work  done,  with  cost,  is  as  follows  : — 

Tree  bonds,  nmniDg  feet,         ...  ...  ...  ...    86,162 

Weed  spurs,  „  ...  ...  ...  ...    10,595 

Net  spurs  (100  feet),  ...  ...  ...  ...    17,880 

Total,    ...    64,687 

The  total  cost  has  been  Rs.  3,17,176,  or  Ss.  4-14-6  per  running  foot  of 
bund,  "weed,"  or  "net  spur."  The  rate  I  before  estimated  at  was  Ks.  5 
per  lineal  foot. 


Rough  Statement  of  Expenditure  incurred  on  the  Sutlef  River*  Training 

WorkSyfrom  January  1874,  to  Slit  August^  1875. 

No.  B&     A.  p. 

3,248    Casks,  at  Rs.  4  each,        12,972    0  0 

7,721    Nets  and  trongahs,  at  Ra  10  each,        77,210    0  0 

Carried  over,    ••        90,182    0  0 
VOL.   TX.—- ilCOlTD   8BRIXS.                                                                 2   D 
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BS.       A.  P. 

Na  Broaght  forward,    ••  90,182  0  0 

25    Wooden  piles,  at  Rs.  20  each, 500  0  0 

1,890    BolUea,  at  Re.  1  each, ..        ..  1,890  0  0 

mda. 

15,519  Bope,  at  Ri.  4-8«0  per  md.,         ••        ••        ••        ••  69,885  6  0 

No. 

31,021  Trees,  at  Ri.  2  each,         ••        ..        ..        ••        ..  42,042  0  0 

c  ft 

2,85,055  Bricki,  at  Rs.  9  per  100,   ..        ..        ..        ••        ..  '21,155  0  0 

Na 

20    Wooden  anchors,  at  Rs  20  each, ••  400  0  0 

9,500    Fascines,  at  Rs.  0-10-0  each,       5,987  0  0 

17,488    Bashes,  at  Rs.  0-8-0  each,            8,744  0  0 

Labour,        ••         ..        ••         ••         76,490    8  0 

Total  Rupees,  ..     8,17,176    0    0 

The  cost  brought  up  to  end  of  the  flood  season  amounted  to  Rs.  3,25,000. 

If  at  first  sight  the  expenditure  seems  heavy,  it  should  be  explained 
here  that  more  than  one- third  of  the  cost  has  been  incurred  on  works  of 
a  tentative  character,  such  as  100  feet  nets,  which,  as  applied,  were  not 
found  to  give  any  material  benefit,  and  the  cost  of  which  would  not  have 
to  be  incurred  again,  and  in  estimating,  however,  future  operations,  the 
experience  gained  is  advantageous. 

It  may  be  worth  while  to  summarize  the  chief  points  of  success  attained 
Bince  the  commencement  of  operations  in  January  1874.  They  may  be 
defined  as  follows,  viz.,— defence  of  the  river  bank  generally  with  more  or 
less  success  by  means  of 

I.  Weed  Spurs  and  Fascines  at  the  following  points :-» 

1st     Along  north  bank  of  river  for  a  distance  of  more  than  a  mile 

below  the  village  of  Lei-wahan. 
2nd,     Along  same  bank  for  about  a  mile  above  Ghotpoora. 
3rd,     Along  sand  bank  at  Adamwahan  from  old  D  spur  to  site  of 

bridge. 
4tth.    Along  south  bank  for  a  distance  of  half  a  mile  above  "  bridge 

site." 

II.  By  means  of  *'  Tree  Bunds"  the  results  were  the  silting  np  of  the 
following  channels :— - 

1st,    The  KhanwaU  aud  Nowrnngah  channels  entending  from  A  to  L 
bunds. 
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^^  • 

2nd.  The  silting  up  of  the  old  channel  sconred  out  in  1872  from  under 
the  high  bank  at  Adamwahan,  and  the  formation  of  ''sand 
bank"  at  the  same  time  for  well  sinking  operations. 

Srd,  The  growth  and  preservation  of  vegetation  in  river  bed,  such  as 
willow,  poplar,  tamarisk,  growth  of  which  (if  encouraged  bj 
the  protection  offered  bj  the  Tree  Bunds  holding  out  another 
season's  floods)  will  by  that  time  be  sufficiently  advanced  as  to 
afford  in  themselves  considerable  protection  of  a  permanent 
character  to  the  river  banks. 

I  propose  now  to  refer  to  some  of  the  results  of  trials  made  with 
"  Fatcines^*  and  with  Brushwood^  Orasa,  4rc. 

I.  Bushes  of  the  wild  caper,  jhund,  pilleWf  ^c,  or  pilchi  tied  together 
in  bundles  and  weighted  with  tricky  or  without  any  weight. — For  protect- 
ing the  shore  ends  of  the  "  Weed  Spurs."  It  will  be  sufficient  briefly 
to  state,  that  when  these  were  applied  only  at  the  "  head  "  or  '*  shore  end  " 
of  the  spurs,  success  was  only  very  partial,  the  current  getting  behind 
too  quickly  :  especially  in  strong  water  and  in  a  sandy  soil.  Generally 
applied  such  brushwood  after  a  short  time  would  disappear  aitogetheri 
and  a  fresh  supply  would  be  required. 

When  made  up  into  fascines  and  applied,  they  were  most  BU0cessful| 
even  on  this  limited  system. 

II.  "  Fascines  "  independently  applied  without  any  "  Weed  Spurs.^'^' 
If  applied  continuously  along  a  bank  to  be  protected,  '*  fascines  "  promise 
to  be  more  successful  than  anything  else  yet  tried,  but  they  require  trial 
on  a  Rcale  sufficiently  extended,  so  as  to  prevent  any  reasonable  chance 
of  the  river's  getting  behind. 

The  brushwood  (pilchi)  Is  made  up  into  fascines  10  feet  long  and  1  foot 
in  diameter.  Grass  is  put  up  into  small  bundles  and  tied  together 
somewhat  as  in  matting.  There  are  different  ways  of  applying  the 
above. 

1st.  Laying  down  fascines  for  a  bund,  as  a  wall  in  a  manner  similar 
to  the  "  drop  "  or  "  curtain  wall "  of  a  bridge,  with  or  without  flooring. 
This  wall  to  consist  of  masses  of  fascines  placed  in  layers  crossing  one 
another,  tied  together  and  placed  all  along  the  face  of  the  sand  bank  to 
be  protected. 

A  situation  where  this  system  would  be  applicable  (and'of  importance, 
if  successful  in  preyenting  the  river's  outflanking  the  bridge)  is  along 
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ih9  iukI  bank  (south  side)  between  the  brMge  &nd  spur  L.    The  A\»' 

t4nce  uroaa  this  ssDd  bank  on  to  the  permanent  bank  is  abont  one  mile. 

The  land  hank  wonld  have  to  be  sloped  sufficiently,  so  as  to  admit  of  the 

"faiciiiei"  being  lud  and  boilt  ap  into  the  wall  as  shown  in  the  wood 

cut.    The  apper  side  is  shown  splayed 

off,  BO  as  to  present  as  little  resistance 

as  possible  to  the  river's  action  behind, 

and  in  case  it  be  fonnd  necessary  to  nso 

it  only  or  at  intervals  in  the  form  of 

"spnrs, "  instead  of  continuously,  as 

described  farther  on. 

There  ie  a  batter  from  bise  to  top 
tending  to  throw  the  centre  of  gravity 
inwarda   towards  the  land,  and  so  to 
connterbalance  its  tendency  to  tilt  for- 
wards, which  wonld  result  from  thenn- 
der-Bconring  along  the  face  of  this  "drop  wall."    As  an  additional  security, 
the  "  mass  "  should  be  moored  strongly  to  tlie  bank,  and  allowed  to  sink 
s  depth  of  from  20  to  40  feet,  or  in  proportion  to  the  depth  of  sconr 
made, 

Tlie  adrantages  of  using  snch  "  material "  as  compared  with  atone 
would  be,  lit,  as  regards  economy.  Snob  material  is  always  growing  near 
at  hand ;  2nd,  a  bank  so  defended  continuously  presents  no  projections. 
There  wonld  be,  therefore,  no  obstrnction  offered  to  the  river  flowing 
smoothly  by,  as  would  be  the  case  with  "  spurs,"  whilst  the  cost  of 
"stone  protections"  to  them,  unless  extended  aa  far  as  the  permanent 
bank,  is  liable  to  be  outflanked  and  carried  away  by  the  river:  when  the 
loss  would  be  incomparatively  greater. 

Its  specific  gravity  is  safGcieiit  in  itself  to  sink,  but  ehould  addiUonal 
weight  be  required,  earth  could  be  filled  in,  or  brick  tied  np  in  nets 
added.  It  wonld  last  many  years,  and  could  be  kept  above  flood  level 
or  not,  as  miglit  be  considpred  desirable,  dependent  on  the  amount  of  water 
required  to  be  admitted  to  irrigate  the  trees  and  plants  it  wonld  be  pro- 
posed to  grow  over  the  land  so  reclaiiued. 

A  similar  plan  could,  of  coarse,  be  applied  across  the  low  laud  on  the 
Adaniwahan  side,  should  soy  onusnal  set  of  Ihe  river  there  make  the  plui 
to  be  tboDght  neceesary , 


80TLEJ   RITBR'TRAINIKO  WORKS   AT   ADAHWAHAK.  205 

Th§  Hccnd  ;>^.-— The  second  mode  of  applying  the  fascines  (refer- 
red to  aboYe)  is  to  have  the  wall  only  at  intervals,  say  of  a  chain  or  so 
apart,  or  in  fact  as  ''spurs";  the  sand  bank  in  between  the  "spnrs'* 

a 

being  sloped  and  protected  in  front  by  two  or  three  lengths  of  fascines, 
tied  securely  together  like  an  apron,  and  allowed  to  fall  down  of  them- 
selves: willow  and  pilchi  being  sown  in  between  the  interstices  left 
amongst  the  fascines. 

Jungle  grass, — Jungle  grass  tied  in  bundles  and  laid  over  large  nets  of 
''miinj  rope"  and  used  like  matting,  will  probably  also  be  found  effective. 

Third  plan  proposed, — There  is  a  tl^ird  plan  to  be  proposed  for  defend- 
ing the  face  of  a  long  sand  bank,  viz.,  to  put  two  or  more  lengths  of 
"fascines'^  in  one  layer  together,  and  to  have  them  simply  lying  hori- 
zontally, tied  together  continuouftly  along  the  top  of  the  sand  bank  to  be 
protected.  With  such  a  flooring,  the  action  would  be  similar  to  that 
described  above,  viz.,  they  would  fall  in  like  a  curtain  wall.  As  the  edge 
of  the  sand  bank  cut  away,  however,  the  horizontal  position  of  the  ''  fas- 
cines "  would  be  gradually  changed  to  a  "  sloping  one  "  as  they  became 
bent  over,  and  dragged  downwards,  more  fascines  being  then  tied  on. 
The  extent  of  such  protection  would  be  as  far  as  the  permanent  bank,  or 
at  any  rate,  so  far  as  to  prevent  any  likelihood  of  the  river's  ontfianking 
the  fascines,  and  the  direction  would  gradually  diverge  like  in  the  wings 
of  a  bridge. 

E.  B.  M, 

Note  hy  M.  Batnb,  Esq.,  Supdg.  Engineer. 

The  above  Beport  has  been  drawn  up  by  Mr.  Medley,  the  Officer  in 
Sub-divisional  charge  of  the  Biver  Conservancy  Works. 

Mr.  Medley  very  clearly  describes  the  nature  of  the  operations  under- 
taken during  the  year,  which  operations  he  divides  into  three  classes, 
chiefly  with  reference  to  the  season  at  which  they  were  executed,  but  they 
may  be  broadly  described  under  two  heads — 

L    Works  for  training  the  river  to  a  desired  course. 

n.  Works  for  protecting  the  banks,  where,  in  spite  of  the  Training  Works, 
the  river  has  attacked  or  threatened  them.  From  the  map  it  will  be  seen 
that  the  river,  during  the  season  1874-75,  had  a  fairly  good  coarse,  threat- 
ening at  no  point  below  Goodpoora.  This  coarse,  or  even  a  straighter 
one  still,  it  parsaed  daring  the  first  great  flood  of  the  year.  As  soon, 
however,  as  this  flnhmded,  the  river  fell  into  the  torinons  channelit  now 
follows,  shown  Bine  in  the  map. 
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The  subsequent  floods  of  the  season,  which  were  unusually  hea?7,  caused 
considerable  erosion  at  two  pointH,  Lei-waban  on  the  right,  and  again 
immediately  above  the  bridge  on  the  left  bank. 

At  these  places  defensive  works  were  undertaken,  so  far  as  the  time  and 
means  permitted,  but  with  these  exceptions,  the  wholA  of  the  great  ex- 
penditure, as  stated  by  Mr.  Medley,  appears  to  have  been  incurred  in  a 
vain  endeavour  to  train  the  river  to  a  straight  course,  with  the  result  that 
it  is  now  more  serpentine  than  ever. 

The  cause  of  these  now  oscillations,  whatever  it  may  have  been,  lay 
above  the  highest  of  our  training  works, — how  far  we  do  not  know,  but 
beyond  where  we  can  expect  to  follow. 

I  have  already  ventured  to  state  my  opinion,  that  events  have  shown 
that  our  operations  may  be  less  extended  for  the  future  than  they  hare 
been  for  the  last  two  seasons,  and  I  recommended  that  henceforiK  they 
should  be  limited  to  the  heads  of  the  first  great  bunds  above  and  below 
bridge;  say  to  Lei-wahan,  and  a  place  abont  opposite  on  the  Bahawalpur 
shore,  for  the  above  bridge  limits.  Those  below  are  not  of  bo  much  im- 
portance. 

I  would  now  tender  a  further  suggestion,  that  the  character  of  the 
works  be  altered  to  some  extent,  at  any  rate  wherever  they  are  so  placed, 
as  to  make  their  action  of  an  immediately  defensive  nature. 

Beyond  some  lines  of  trees,  placed  across  the  low  lands  chiefly  on  the 
Bahawalpur  side,  for  the  purpose  of  encouraging  a  deposit  of  silt,  but 
little  has  been  done  save  to  put  down  ''  weed  spurs  "  as  they  are  called. 
These  have  not  been  of  the  inexpensive  type  their  designer.  Col.  Brownlow, 
gave  them,  nor  have  they  perhaps  always  been  put  down  in  the  way  he 
intended.  It  may  be  in  consequence  of  this  that  they  have  hardly  ful- 
filled expectations.  Certainly  the  system  has  been  pursued  at  a  cost  it 
is  hardly  likely  will  be  long  continued,  having  regard  to  the  general  results 
already  described. 

I  am  far  from  saying  that  there  are  no  occasions  in  which  the  "weeds'* 
may  be  advantageously  used,  but  to  depend  wholly  upon  them  seems  to 
me  futile,  from  the  mere  fact  that  while  they  themselvAs  have  no  perma- 
nence, their  work  even  when  successfully  done,  is  not  more  lasting.  What 
the  river  deposits  so  readily,  it  as  readily  takes  away  when  it  chooses,  and 
the  agency  irhich  caused  the  deposit  is  no  longer  in  existence  to  defend  it. 

Large  trees  with  their  roots  and  full  heads,  make  a  very  good  and 


StJTLEJ  RITBB-TRAIHIHO  WORKS  AT  ADAUWAHAK.  207 

tolenblj  lasting  defence;  bat  these  are  not  to  be  had,  nor  even  small 
trees,  nor  brushwood  within  an  easy  distance.  The  country  has  in  fact 
been  denuded  in  the  neighbourhood  of  the  bridge  works. 

This  being  the  case,  I  would  recommend  a  return  to  the  system  followed 
in  1872,  in  protecting  the  colony  just  above  bridge,  that  of  making 
platforms  of  fascines,  sinking  them  with  earth,  rebuilding  upon  that  with 
lepeated  similar  layers  till  the  mass  sinks  no  more,  and  the  tops  remain 
above  water. 

These  spurs  last  a  long  time  under  water,  and  if  made  of  fasdnes  well 
pnt  together,  and  the  whole  moored  securely  to  the  shore,  are  not  easily 
carried  away. 

The  fascines  may  be  made  of  materials,  still,  and  I  beliere  always  ob- 
tainable, pilchi  of  the  low  tamarisk  which  springs  up  all  over  the  flooded 
lands. 

I  would  protect  the  right  bank  from  Lei-wahan  downwards,  with  a 
series  of  short  spurs  such  as  above  described,  and  the  same  on  the  opposite 
aide  from  spur  L  down  to  the  bridge. 

I  do  not  think  any  more  work  is  needed  on  the  left  bank  above  L, 
unless  it  be  about  F  for  the  purpose  of  throwing  river  over  to  the  Adam- 
wahan  side,  when  the  time  comes.  For  this  work  the  weed  spurs  may  be 
properly  used. 

I  do  not  apprehend  danger  to  the  bridge  from  the  left  bank  except 
from  sudden  attacks  near  to  it,  such  as  that  made  towards  the  close  of 
this  season's  floods.  To  guard  against  these,  I  hope  that  stone  will  be 
largely  used  hereafter. 

I  believe  the  most  danger  to  be  on  the  other  side  from  the  apparent 
fact  that  the  river  is  travelling,  and  has  for  many  years  been  travelling 
towards  that  side.  No  doubt  it  often  attacks  the  left  bank  in  our  neigh- 
bourhood also,  but  only  to  remove  some  low  land  deposited  by  it  the  other 
day ;  while  the  destruction  it  commits  on  the  opposite  shore  to  which 
it  speedily  returns,  is  all  upon  pucka  land  forming  the  permanent  bank. 

It  will  be  observed  that  Mr.  Medley  has  adopted  a  suggestion  formerly 
made  by  me,  to  afforest  a  large  extent  of  land  on  both  sides  of  the  river 
above  and  below  bridge.  I  trust  this  suggestion  may  be  deemed  worthy 
of  consideration.  My  idea  is,  that  though  the  roots  of  no  trees  can  pene- 
trate deeply  enough  to  prevent  undercutting,  yet  that  when  undercut  and 
before  falling  into  the  river— if  they  were  secured  to  others  still  standmg 
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behind  tbem,  and  those  to  others  still  farther  back ;  there  would  shortly 
be  found  a  mass  of  debris,  affording  at  least  as  good  a  protection  as  any- 
thing that  could  be  made  artificially — probably  a  very  much  better — since 
the  trees  used  in  artificial  tree  spnrs  never  have  their  roots,  and  are  al- 
ways limited  in  size  by  the  difficulties  of  carriage. 

Fifteen  or  twenty  yeans  seems  a  long  time  to  have  to  wait  for  this  nit- 
nral  protection,  bat  the  banks  of  the  river  must  be  preserved  for  all  time, 
naturally  or  artificially,  and  in  either  case  the  trees  must  be  grown  soma- 
where  to  do  it  withal. 

On  recently  discussing  the  subject  with  the  Political  Agent  and  Super- 
intendent, Bahawalpur  State,  Col.  Minchin  and  the  State  Forest  Officer, 
Mr.  Calthrop,  I  found  both  very  favourable  to  the  scheme,  so  far  as  regards 
their  side  of  the  river.  Col.  Minchin  offered  the  whole  of  the  land  re- 
quired free ;  and  Mr.  Calthrop  offered  his  ser? ices  in  promoting  the  under- 
taking in  any  way  he  could.  He  has  begun  some  large  plantations  in 
various  parts  of  the  State,  one  near  B^j&n-ki-Gote,  on  very  similar  land 
to  that  available  for  our  purposes,  and  where  the  young  trees  are  coming 
on  remarkably  well,  promising  to  be  efficient  in  the  way  I  have  described 
in  12  or  15  years  at  most. 

While  examining  the  flooded  lands  on  the  banks  of  the  Chenab  with 
Col.  Minchin  the  other  day,  we  came  to  a  fine  piece  of  natural  forest  of 
Euphrates  poplar  and  babiil,  of  which  a  large  slice  had  been  carried  away 
by  the  river  this  season.  The  practice  had  been  to  cut  down  and  remove 
the  trees  as  fast  as  the  river  encroached,  but  I  suggested  to  Col.  Minchin 
a  trial  of  lashing  them  back  to  those  further  inland  and  allowing  them  to 
fall  bodily  into  the  river.  He  at  once  gave  orders  for  this  to  be  done,  and 
though  the  trees  are  too  young  and  small  for  a  fair  experiment,  it  is  still 
one  that  will  be  watched  with  interest. 

To  conclude,  I  would  propose  to  take  up  for  forest  the  whole  of  the  land 
on  the  Bahawalpur  side  of  the  Sutlej,  from  spur  A  above  bridge  to  any 
^convenient  distance  below  bridge,  the  further  the  better,  since  for  several 
miles  the  river  is  not  too  far  away  from  the  line  of  railway,  for  safety. 

On  the  Adamwahan  side  I  would  take  up  land  from  the  head  of  the 
Goodpoora  Dhund,  down  to  a  distance  of  3  or  4  miles  below  bridge  on 
both  sides  to  an  average  width  of  3  or  4  miles.  The  Bahawalpur  land 
will  cost  nothing,  and  is  irrigable  from  the  new  Nowrungah  and  Khanwah 
Canals.    The  land  on  the  right  bank  will  for  the  most  part  have  to  be 
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boQglii,  M  it  is  almost  entirely  buignr  and  cnltiTated.    It  n»j  also  be 
easily  watered  by  restoring  one  of  the  old  canals. 

I  will  not  enter  on  the  question  of  the  expense  of  these  plantations, 
beoanse  the  creation  of  forests  is  not  a  work  fairly  chargeable  to  the 
bridge  or  the  railway,  any  more  than  Chonga  Mnnga  pkntation  is  a 
diaige  to  the  Bdnde,  Panjab  and  Delhi  Railway.  As  I  haye  said,  the 
eoimtiy  la  ao  bare  of  trees,  that  plantations  must  be  made  somewherei 
ttd  they  oaa  be  made  At  leaat  aa  cheaply  and  aa  well  where  I  hafe 
indicated,  aa  elsewhere. 


NoU  hy  Col.  F.  W.  Pbilb,  RE.,  Engineer-in-Chief,  an  the  optrationi 
of  the  year  1875,  with  proposals  for  the  future. 

MooUtm,  January  Slit,  WS, 

A  good  measare  of  success  appeared  to  haye  attended  the  operations 
of  the  early  part  of  last  dry  season.  In  March,  the  bridge  site  lay  to- 
wards the  end  of  a  straight  reach  some  5  miles  in  length,  the  channel 
occupying  nearly  the  centre  of  the  bridge  opening.  This  fayourable  state 
of  things  was  produced  partly,  no  doubt  by  the  training  works,  but  there 
seems  now  to  be  reason  to  belieye,  that  nature  had  a  large  share  in  it. 
At  any  giyen  place  in  the  riyer,  periods  of  oscillation  and  directness  of 
course,  alternate ;  whether  induced  by  the  causes  originally  suggested  by 
me,  or  by  some  other  natural  causes,  is  immaterial.  The  period  of  direct 
flow  in  the  reach  under  notice  had  apparently  arriyed,  and  aided  by  the 
training  works,  what  was  reported  to  be  considerable  success,  was  at- 
tained. 

It  was  supposed  if  such  a  straight  channel  could  be  engendered  during 
the  dry  season  that  the  inundation  water  acquiring  at  first  a  certain 
direction  from  the  patent  channel,  would  continue  to  flow  somewhat  stead^ 
fastly  in  the  direct  course,  and  that  thus  a  series  of  temporary,  and  as  it 
was  assumed,  inezpensiye  measures,  carried  on  in  the  dry  season,  would 
sufiSce  to  guide  the  riyer  during  the  inundation  through  the  bridge 
opening,  and  preyent  such  wanderings  of  the  stream  as  might  threaten  to 
outflank  the  bridge. 

The  effect  of  the  floods  of  last  season  leaye  little  room  to  hope  that 
such  gentle  measures  will  produce  the  results  anticipated,  and  the  measures 
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themselTes,  insteftd  of  being  economical  or  of  small  cost,  have  proved  to 
be  very  expensive  indeed,  and  threaten  by  exhansting  the  available  supply 
of  material  to  become  yet  more  so. 

The  Reports  submitted  by  Mr.  Medley,  the  Exeo.  Engineer  in  im* 
mediate  charge  of  the  Training  Works,  and  by  Mr.  Rayne,  the  Bopdg. 
Engineer,  describe  somewhat  in  detail  what  has  been  done,  and  how, 
when  the  heavy  floods  of  the  latter  season  occurred,  the  various  appliances 
deposited  in  the  river  to  influence  the  currents  were  carried  away,  and 
that  the  present  course  of  the  river  near  the  bridge  has  become  in  fact 
more  sinuous  and  threatening  than  when  the  training  operations  were  first 
commenced.  ' 

From  Mr.  Medley's  Report,  it  appears  that  in  two  seasons  commencing 
January  1874,  a  sum  of  Rs.  8,25,000  has  been  spent  on  these  works, 
and  on  the  provision  of  material  for  the  coming  season,  to  utilize  which 
a  further  sum  of  Rs.  50,000  would  have  to  be  spent.  The  expenditure 
may,  therefore,  be  put  at  Rs.  1,25,000  for  each  season.  This,  however, 
does  not  afford  a  fair  gauge  of  the  future.  The  neighbourhood  for  sere- 
ral  miles  has  already  been  denuded  of  trees,  and  those  now  procurable 
are  unsuitable  from  their  size,  independently  of  the  high  price  at  which 
they  must  be  used  in  the  work. 

The  whole  subject  has,  for  the  past  two  months,  been  anxiously  con- 
sidered, and  discussed  by  the  Supdg.  Engineer  and  myself,  and  at  a 
meeting  at  Adamwahan  on  the  12th  instant,  at  which  we  bad  the  ad- 
vantage of  Mr.  Oalwey*s  (Exec.  Engineer  recently  joined)  assistance,  I  was 
able  to  decide  on  the  nature  of  the  Report  and  recommendations  to  be  sub- 
mitted to  Qovemment. 

During  the  past  season,  the  river  rose  four  times  in  flood ;  on  the  first 
occasion  during  its  rise,  the  stream  followed  the  tolerably  straight  course 
prepared  for  it,  but  on  subsiding,  it  fell  into  sinuosities  which  became  more 
devious  during  subsequent  floods.  The  main  stream  shifted  towards  the 
south,  and  flowed  through  the  second  span  from  the  Bahawalpnr  side, 
directing  its  violence  principally  on  pier  P,  the  second  from  the  abutment 
at  that  end.  The  wells  of  this  pier  were  resting  on  a  bed  of  clay  encoun- 
tered at  a  depth  of  SO  feet,  and  had  penetrated  into  the  clay  but  four  or 
five  feet;  they  were  surrounded  by  a  heavy  protection  of  stone,  to  which 
additions  were  made  from  time  to  time,  until  over  1,00,000  cubic  feet  had 
been  thrown  in.    the  cylinders  were  not  disturbed  in  the  least. 
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As  the  rirer  fell  after  the  last  flood,  it  continaed  to  cut  into  the  high 
bank  at  Lei-wahan,  whence  it  was  deflected  towards  the  sonth  abntment 
of  the  bridge.  The  last^elbow  formed  abo7e  the  bridge  site  now  projects 
considerably  to  the  rear  of  the  abatment,  and  the  stream  continaes  to 
sweep  roond  the  mass  of  stone  laid  in  the  abatment  span,  and  to  pass 
throDgh  the  opening  P,  Q. 

The  floods  of  the  season  were  higher  than  any  of  which  we  hare  a  re- 
cord. The  Adamwahan  colony  was  sabmerged,  and  the  whole  country  to 
the  sonth  of  the  rirer  was  under  water  as  far  as  the  eye  conid  reach ;  the 
only  dry  spot  being  the  railway  embankment  on  which  were  congregated 
all  the  inhabitants  of  the  neighbouring  Tillages  with  their  cattle  and 
household  effects.  I  am  informed  that  the  water  was  found  to  be  headed 
up  to  the  extent  of  three  feet  nine  inches  on  the  upperside  of  the  embank- 
ment, at  a  distance  of  about  half  a  mile  from  the  bridge  opening,  and 
probably  there  was  a  greater  difference  of  level  abore  and  below  the 
embankment  at,  and  about,  the  old  Nowrungahwah  channel,  which  was 
the  only  opening  left  in  the  embankment.  The  railway  bank  finally 
yielded  to  the  pressure,  and  seyeral  large  breaches  occurred,  and  subse- 
quently holes  20  feet  deep  were  scoured  out.  This  indicates  a  source  of 
danger  in  the  future.  The  inundation  water  will  be  penned  up  in  the  recess 
formed  between  the  railway  embankment  and  the  high  bank  of  the  rirer, 
and  unless  special  measures  be  adopted,  will  certainly  force  its  way  through. 

The  old  channel  of  the  Nowrungahwah  has  been  abandoned,  and  the  open- 
ing in  the  embankment  at  this  point  has  now  to  be  closed.  A  new  align- 
ment has  been  giren  to  the  combined  Khanwah  and  Nowrungahwah  canals 
{see  map),  and  the  new  channel  passes  the  railway  within  the  high  ground 
near  the  Bahawalpur  station. 

A  carriage  road  from  the  city  of  Bahawalpur  to  the  ferry  crosses  the 
line  of  railway.  This  road  was  carried  on  an  embankment  some  three  or 
four  feet  high,  and  was  seriously  breached  this  year :  the  Political  Agent 
proposes  to  increase  its  height,  and  to  meet  the  railway  bank  on  a  level 
crossing. 

There  are  two  dangers  against  which  we  must  guard  ourselves— 
L    The  breaching  of  the  embankment  by  the  headed  up  inundation 

water. 
II.    The  incursions  of  the  deep  stream  which  advances  by  scouring 
and  undercutting. 
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At  the  recent  meeting  kt  Adamwahan,  abore  referred  to,  the  following 
opinions  were  recorded : — 

PRESENT : 


Colonel  F.  W.  Pbilb,  B.E., 

EngineeMn-  Chief, 


Mb.  UL  RA.TNB, 

Superintinding  Sngme^r, 


Mb.  W.  J.  Galwbt,  Exee,  Enginter. 

**(a).  We  are  of  opinion  that  the  temporaiy  training  woiki,  anch  as  tadiM, 
"  weedi,  nets,  and  so  on,  nsef ul  enough  in  leading  the  cold  weather  channel,  axe 
*<  quite  inoperative  in  determiniDg  the  course  of  the  large  channel,  during  inundations ; 
<'  and  that  if  they  are  not  entirely  swept  awaj,  they  are  likely  to  aggravate  the  action 
"they  are  Intended  to  oppose— this  has  been  the  result  of  the  experience  of  the  pait 
<*  season. " 

**  (2).  We  are  also  agreed  that  some  obBtruction  of  a  solid  permanent  character 
**  must  be  opposed  to  the  river's  cutting  into  the  deep  hay  above  the  bridge  on  the 
"  Bahawalpnr  side." 

**  (e).  Mr.  Bayne  is  of  opinion  that  not  only  the  river  channel  bat  the  innndation 
"  water  also  should  be  excluded  from  the  angle  between  the  railway  embankment 
*'  and  the  high  bank  of  the  river.  Last  season  there  was  a  difference  of  water  level 
"  of  three  feet  nine  inches  on  the  upper  and  lower  sides  of  the  embankment  at  half  a 
'*  mile  from  the  bridge  abutment  ( the  embankment  gave  way,  though  not  overtopped, 
<<  and  large  scour  holes  20  feet  deep  were  formed.  He  would,  therefore,  interpose  sn 
^  earthen  embankment  from  the  bridge  abutment  to  the  permanent  high  bank  of  tbe 
<*  river  protected  in  front  by  stone." 

<<  (cQ.  Mr.  Galwey  thinks  that  the  admission  of  the  innndation  water  wonld  tend 
**  to  raise  the  level  of  the  whole  area  by  deposition  of  sUt,  and  he  would  leave  large 
*'  gape  for  the  passage  of  the  water  through  an  embankmenti  in  other  respeots  similar 
•*  to  Mr.  Rayne's. 

*  (0).  Colonel  Peile  agrees  with  Mr.  Oalwey  In  the  opinion  that  to  admit  the 
**  innndation  water  would  be  advantageous,  but  thinks  it  would  be  preferable  to  allow 
**  it  free  ingress  over  the  surface,  and  not  force  it  through  openings  in  an  embank- 
'*  ment,  he,  therefore,  would  omit  the  earthen  embankment,  and  limit  the  work  to  a 
**  mass  of  stone,  through  or  over  which  the  water  would  enter. 

"  C/)*  ^0  <dso  agree  that  protection  of  a  similar  character  is  required  to  the  right 
«bank." 

Measnres  may  be  taken  to  a£ford  reasonable  secnrity  against  the  firat 

aonroe  of  danger  indicated  abore  No.  I.    The  railway  embankment  from 

the  bridge  np  to  the  high  bank  of  the  riyer,  and  the  state  road  may  be 

raised  to  at  least  five  feet  aboye  the  highest  flood ;  the  np^tream  elope 

of  the  railway  embankment  can  be  formed  of  clayey  soil|  which  can  be 

obtained  by  ezcayating  to  a  depth  of  six  or  eight  feet  on  either  side. 

This  soil,  if  carefully  laid  and  well  pnnned  will  be  imperyious  to  water. 

The  slope  should  be  extended  to  a  base  of  5  to  1  in  height^  and  should  bo 

thickly  grown  with  grass  and  tamarisk.    Theae  measures  will  probaUy 
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md&M  to  retiti  the  aoiion  of  the  inimdatioii  water,  whiob,  if  {mij  id* 
niitted,  will,  in  the  proceu  of  tiiiie,  ndio  tho  lerel  of  the  enrfeoe  of  tbe 
bey  hy  the  deposition  of  silt,  nntil  efentaelly  the  water  should  not  be  able 
to  enter  at  all.  It  wonid  be  necessary  to  prevent  the  off-flow  of  the  water 
along  the  embankment  by  a  few  spars  near  the  bridge,  and  the  whole 
area  as  suggested  by  Mr.  Bayne,  should  be  planted  out  with  trees. 

To  resist  the  second  danger  noted  above,  No.  II.,  vis.,  the  incursions  of 
the  main  stream,  is  a  more  difficult  matter ;  the  very  tortuous  channel  of 
1872-73  shows  that  we  have  reason  to  apprehend  future  attacks  at  a  dis- 
tance of  a  mile  or  more  from  the  bridge  head,  and  I  am  decidedly  of 
opinion  that  the  only  effectual  means  of  opposing  such  attacks  is  the 
interposition  of  a  strongly  constructed  line  of  defence  extending  from  the 
bridge  head  to  the  high  bank  of  the  river. 

I  am  disposed  now  to  modify  the  form  of  embankment  originally  pro- 
posed. I  would  omit  the  earthen  embankment  with  the  advanced  protec- 
tion of  trees,  and  simply  deposit  a  quantity  of  stone  in  a  trench  cut  down 
to  the  low  water  level.    As  the  undercutting  scour  in  the  main  stream 


extends  to  a  depth  of  80  feet;  it  may  be  assumed  that  a  surface  measur- 
ing 42  feet  on  the  slope,  with  the  base  equal  to  the  perpendicular,  must 
be  covered  with  stone  to  a  thickness  of  three  feet  to  afford  sufficient  pro- 
tection; in  other  words  that  for  each  lineal  foot  about  120  cubic  feet  of 
stone  should  be  provided.  This  quantity,  or  preferably  150  cubic  feet  I 
would  dispose  in  a  stack  of  the  cross  section  shown  in  the  woodcut ;  a 
trench  being  excavated  for  its  reception  where  necessary.  If  the  river 
developed  any  tendency  to  cutting  in  the  deep  bay  near  site,  the  line  of 
protection  would  be  extended  towards  W. 

Bough  stone  from  Chunneote  is  at  present  delivered  at  the  bridge  for 
Bs.  26  per  100  cubic  feet,  and  the  cost  of  this  protective  work  would,  there- 
fore, be  about  Bs.  40  per  lineal  foot  for  stone  only.  When,  however,  the  line 
ean  be  opened  to  8(^kur,  a  large  reduction  may  be  made  in  the  cost  of 
stone.    Assuming  that  it  may  be  quarried  for  Bs.  2,  and  hauled  the  220 
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miles  at  three  pie  per  ton  mile,  as  has  been  proved  to  be  poseible  on  oor 

metre  gauge  tramways,  the  cost  woald  be  Rs.  20  per  100  oabio  feet  of  stone, 

and  the  proteotive  work  would  be  constructed  at  Bs.  80  per  lineal  foot. 

The  line  is  12,500  feet  in  length,  and  the  oost  of  the  work  would  ther^ 

fore  be 

Bfl. 
12,500  lineal  feet  stone,  at  Ra.  80,       8,76,000 

18,600  lineal  feet  ezcayating,  &c  at  BSi  2, 26,000 

Total,    4,00,000 

As,  howerer,  the  work  would  haye  at  least  to  be  commenced  with  stone 
procured  at  the  higher  price  from  Cbunneote,  it  would  be  proper  to  esti- 
mate the  total  cost  at  Bs.  5,00,000. 

Protection  of  similar  character  will,  I  consider  be  required  on  the 
Adamwahan  side ;  the  Sutlej,  in  common  with  all  the  Punjab  riyers,  works 
towards  the  north  west,  and  year  by  year  encroachments  are  made  on  the 
high  right  bank.  Close  to,  and  aboye  the  bridge,  the  hank  is  at  present 
fairly  protected  by  the  masses  of  fascine  work  put  in  during  1871-72  and 
1872-78,  but  there  is  reason  to  apprehend  danger  from  erosion  at  Good- 
poora  and  Lei-wahan,  and  I  think  we  must  be  prepared  to  oppose  any  such 
encroachment  by  a  protection  laid  along  the  line  A,  Y,  T.  At  present 
I  would  confine  this  work  to  the  portion  A,  Y,  about  4,000  lineal  feet, 
and  to  a  length  of  1,000  feet  below  bridge,  all  of  which  should  be  exe- 
cuted with  Ohunneote  stone  laid  on  the  bank,  sloped  back  to  a  base  of  2 

to  1  height,  the  cost  of  this  portion  would  be 

Rs. 
6,000  lineal  feet  atone,  at  Ra.  40,        2,00,000 

6,000  lineal  feet  bank  sloped,  at  Rs.  4,  20,000 

Total,       2,20,000 

Any  extension  of  the  work  required  hereafter  should  be  in  the  direc- 
tion indicated  towards  T,  the  stone  being  laid  in  a  trench  in  manner 
similar  to  that  proposed  for  the  Bahawalpur  side. 

I  think  that  the  tree  spurs  M,  F  and  E,  constructed  during  the  two 
past  seasons,  should  be  maintained,  in  order  to  resist  any  tendency  of  the 
main  stream  to  enter  the  large  bay  aboye  new  Ueeani,  and  that  the  whole 
of  this  area,  together  with  the  bay  between  Qoodpoora  and  Lei-wahan, 
ahould  be  thickly  planted  with  forest  trees,  as  proposed  by  Mr.  Bayne. 

In  regard  to  the  order  of  executing  the  work,  it  being  impossible  to 
complete  the  whole  in  one  seasoui  I  would  propose  first  to  add  temporarily 
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to  the  protection  of  the  Bthawalpnr  abntment,  by  laying  down  a  mass  of 
stone  on  the  np-stream  berm  of  the  embankment ;  I  have  already  ordered, 
that  a  reaerye  of  2,00,000  cubic  feet  of  stone  shall  be  laid  down  at  once 
in  this  position  in  a  stack  2,000  feet  long,  with  a  cross  section  of  100 
superficial  feet.  This  stone  would  erentnally  be  moved  forward  on  the 
adyanced  line  of  protection.  The  protectire  work  itself  should  be  com- 
menced at  the  high  bank  of  the  rirer,  and  be  projected  forward  until  it 
reaches  the  bridge,  striking  pier  Q,  the  first  pier  from  the  abutment,  so 
that  the  abutment  span  may  fall  entirely  within  the  line  of  protection. 

I  consider  it  would  be  unsafe  to  begin  at  the  bridge  end,  as  the  work 
might  be  outflanked  by  the  riyer  before  the  line  could  be  completed,  and 
aggravate  the  danger  it  is  desired  to  resist. 

On  tbe  Adamwahan  side  no  immediate  danger  threatens.  There  will 
probably  be  a  surplus  of  stone  above  that  required  for  the  bridge  founda- 
tions undertaken  this  season,  and  it  will  be  stored  along  the  top  of  the 
high  right  bank  above  bridge. 

I  am  opposed  to  undertaking  any  more  measures  for  leading  or  driving  the 
stream  during  this  cold  season ;  the  channel,  though  tortuous  now,  occupies 
m  position  peculiarly  convenient  for  the  bridge  works ;  it  passes  through  the 
second  span  from  the  Bahawalpur  end,  and  thus  the  whole  of  the  new  work 
of  the  season  is  directly  accessible  by  tramway  from  the  Adamwahan  side. 
Any  interference  up-stream  with  the  river's  course  might  drive  it  on  to  the 
works  and  cause  much  trouble.  On  the  other  hand,  as  has  been  shown, 
temporary  coercion  of  the  stream ;  at  this  season,  cannot  be  expected  to 
survive  the  action  of  a  flood,  and  I  regard  expenditure  in  this  direction 
as  so  much  money  thrown  away. 

P.  W.  P. 
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No.  COXXIX- 


HTDBAULIC  EXPERIMENTS  AT  BOO&KBB,  1876.76. 


Bt  Capt.  Allan  Cunninohax,  B,E.,  Him.  Fill.  ofKimffM  Cott.,  Ltm. 


Abbtraot  ad-intbbim  Bbpobt  ov  abovb. 
Beferences  to  printed  Report  of  1874-75. 


[B3.-TbaN  Raiolti  rtto  onlj  to  •  iMtaaffidar  iMtim  u  in  tht  Sdiai  Aq^adnBtl 

1.  Tbb  former  conelasion  that  the  motion  of  water  is  technictllj 
(Art.  25  of  last  Beport.)       "  unsteady  "  is  fuUy  confirmed. 

2.  The  Qse  of  *'  Twin  Balls  '*  for  sah-snrface  yelocity-measurement  re- 

quires  the  simultaneous  observation  of  surfaoe- 
(Art  50  of  last  Beport)  ,    .^  _  ,.         ^t        .«      ^       • 

velocity  ever  the  $ame  hne.    Near  the  tnargm 

aurface-floats  move  so  irregularly,  that  it  is  impossible  to  satisfy  this 

condition  tolerably  in  this  position. 

The  ''Twin  Balls  "  are,  therefore,  useless  for  work  near  the  margins. 

8.    Metal  balls  were  introduced  instead  of  wooden  ones,  and  metal 

_  tubes  instead  of  the  wooden  rods,  and  have 

(Art  48,  67  of  last  Beport) 

been  found  to  be  free  from  the  grave  moon- 

(  pon.;       yeniences  of  wood,  and  cheaper  in  the  end. 

4.  At,  and  near,  the  centre,  the  mean  velocity  in  a  vertical  plane, 
found  by  measuring  velocities  at  every  foot  downwards  with  the  "  Single 
Ball,"  is  now  found  to  be  nearly  the  same  as  the  mid-depth  velocity  as 

rOompaie  Art.  40, 62, 72,  measured  by  the  same  instrument,  and  also 
of  last  Beport.)  nearly  the  seme  as  the  Telocity  of  a  ''  Bod  '* 

leaohing  nearly  to  the  bottom. 
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5.  The  line  of  maximam  velocity  is  asaally  below  the  surface ;  it  is 
highest  at  the  centre,  and  gradaallj  sinks  towards  the  margin,  being  at 
about  mid-depth  near  the  margins. 

6.  The  mid-depth  velocity  therefore  differs  from  the  mean  velocity  of 
a  vertical  plane  by  an  amount  increasing  towards  the  margins,  where  it 
becomes  actually  the  maximum* 

[It  caimot,  therefore,  be  adopted  as  a  measare  of  the  mean  velocity  of  a  vertical 
plane,  as  proposed  in  America,  except  near  the  centre.] 

7.  The  mean  velocity  in  a  vertical  plane,  found  by  measuring  velocities 

/*_.-«*,.«     -.V         **  fi^®J7  foot  of  depth  with  the  "  Single  Ball " 
(Art  43  of  last  Beport)         .    ,      , 

IS  liable  to  a  certain  error  due  to  the  surface 
action  on  the  attached  surfiace-float.  It  is  now  found  that  the  velocity 
of  a  **  Rod  "  reaching  nearly  to  the  bottom,  differs  from  the  former  mea- 
sure of  mean  velocity  constantly  in  such  a  direction  as  to  be  probably 
free  from  that  error. 

The  velocity  of  a  '*  Rod  '*  reaching  nearly  to  the  bottom  is,  therefore, 
probably  as  true  a  measure  of  the  mean  velocity  through  its  plane  of 
motion  as  cui  be  obtained  in  any  other  way. 

On  account  of  its  handiness,  cheapness,  &c«,  it  is,  therefore,  perhaps 
the  most  convenient  instrument  for  measuring  the  mean  velocity  along  a 
vertical  plane,  in  moderate  depths,  say  not  greater  than  12  feet 

[Should  this  be  farther  confirmed,  it  will  be  a  discovery  of  great  importance,  as  a 
good  measure  of  "  Discharge"  could  then  be  obtained  by  its  use  with  fair  rapidity]. 

NsB. — ^The  questions  in  paras.  4,  6,  7  above,  were  those  suggested  in 
last  Report,  (Art  78,)  as  most  worthy  of  investigation. 

8.  The  measurement  of  surface  slope  found  to  be  a  very  delicate  ob- 
servation, too  delicate  for  ordinary  use. 

9.  Surface  slope  increases  irith  decrease  of  depth  at  same  section, 
whether  the  canal  be  rismg,  stationary,  or  falling. 

[This  result  is  so  extraordinary  as  to  reqnire  further  investigation]. 

10.  The  mean  velocity  of  a  whole  section  is  not  simply  proportional  to 
V5s,butif  weassumeu  =  C  Vbs,  Cmust  be  a  factor  increasing  with  R. 

[Bazln's  factor  1  -^  (a  +  ^)  is  one  of  this  kind  :  this  is  a  partial  confirmation 

of  his  formula]. 

11.  The  mean  velocity  curve  is  found  to  be  very  flat  indeed  across 
the  greater  part  of  the  channel,  there  being  no  marked  diminution  of  the 
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mean  velocity  (in  a  vertical  plane)  over  about  |  of  the  width  of  therectan- 
gnlar  channel :  the  diminution  even  close  to  the  margin  (of  the  rectangular 
section)  is  only  about  ^  of  the  mean  velocity  in  the  central  vertical  plane ; 
on  the  other  hand  in  a  trapezoidal  channel,  the  diminution  of  the  mean 
velocity  is  very  great  near  the  margin  (t.  e.,  over  the  sloping  sides), 
amounting  sometimes  to  §  of  the  central  mean  velocity. 

This  shows  that  the  mean  velocity  in  a  vertical  plane  depends  in  an 
important  manner  on  the  depth. 


f     « 
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No.  CCXXX. 


THE  NEW  RIGI  COG-WHEEL  LOCOMOTIVE. 

[  fide  Froatiipieca  ud  Flkte  XXIX.] 


Bx  Capt.  J.  L.  L.  MoBAVT.  R.E., 'tooe.  lntt.C.E.,F.R.0.8.,  DUtrict 
Etgineer,  Nilgmt. 

UoKsiiuK  Biggenbach — the  able  inTentor  of  the  rack-rail  syBtem  of  monn- 
tain  ndlroada— haTiug  abandoned  the  Tertical  boiler  which  was  so 
difltingaishing  a  feature  of  hie  locomotiTee,  now  employs  locomotiTea 
whose  boilere  ere  perfect!;  borizontat  on  a  gradient  of  1  ia  l(t.  We 
illnstrate  on  a  large  scale  one  of  these  locomotiTea  in  Plate  XXIX ;  the 
Frontispiece  and  sketch  will  also  be  interesting. 


The  engine  is  of  160  B.  P.     It  weighs  when  read;  for  work  17  tons, 
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and  asaally  drags  a  train  load  of  18  ions  np  a  gradient  of  1  in  5,  at  a 
speed  of  5  miles  per  hour.  On  special  occasions  it  has  dragged  np  a 
gradient  of  1  in  6  a  train  load,  eqnal  to  the  weight  of  the  engine,  of  17 
tons,  at  a  speed  of  7(  miles  per  hour.  The  boiler  capacity  is  60  cubic 
feeti  and  that  of  the  water  tank  58  cubic  feet.  The  bunker  holds  half  a 
ion  of  coals.  The  square  feet  of  heating  surface  in  the  boiler  is  44|, 
and  the  fire  grate  surface  is  10)  square  feet.  The  boiler  pressure  amounts 
to  147  ibs.  on  the  square  inch.  The  crank  and  driving  axle,  in  connection 
with  the  cog-wheel  fittings,  work  the  driving  cog-wheel  into  the  rack-rail, 
and  hence  produce  motion.  In  this  way  the  locomotive  power  of  the 
engine  is  increased  two-and-a-half  fold.  The  driving  cog-wheel  has  a 
diameter  of  8*46  feet,  a  circumference  of  10*824  feet,  and  B3  teeth.  It 
is  made  from  the  finest  steel  cast  intone  piece,  the  teeth  being  accurately 
cut  out  after  casting.  They  stand  nearly  4  inches  apart  from  centre  to 
centre ;  ten  teeth  occupying  one  [metre  (3*28  feet)  of  the  rack-rail.  The 
driving  cog-wheel  usually  makes  40*4  revolutions  per  minute. 

The  brake  mechanism  of  the  locomotive  is  three  fold.  (i).  The  crank- 
axle-brake  worked  by  the  engine  driver,  which,  when  put  in  action,  holds 
the  driving  cog-wheel  firmly,  and  prevents  its  turning  and  so  engaging  in 
the  rack.  (ii).  The  similar  forward  axle-brake,  which  is  worked  by  the 
stoker,  (iii).  The  air-brake  which,  by  means  of  compressed  air  in  the 
cylinders,  works  through  the  rods  and  fittings  directly  on  the  cog-wheel. 

Engineering,  Vol.  XXIII.,  contains,  at  page  165,  figured  drawings  and 
detailed  description  of  a  larger  rack-rail  locomotive  used  on  the  Kah- 
lenberg  line. 

It  may  be  useful  here  to  add  a  brief  statement  of  the  present  position 
of  the  rack-rail  system  of  Mountain  Railways. 

There  are  now  8  Rack- Railways  on  the  Continent,  either  working  or 
in  process  of  construction. 

On  these,  32  rack-rail  locomotives  are  in  use,  as  follows  :— 

On  the  Witsnaw  Rigi  line,  (Switzerland,) 10 

„       Eahlenberg  line,  (Vienna,)  6 

„  Schwabenberg  line,  (Pesth,)             . .         . .         . .         , .  4 

„        A  rth-Rigi  line,  (Switzerland,)  5 

„       Rorschack-Heiden  line,  (Switzerland,)        3* 

„  Ostermandingen  line,  (Switzerland,)           • .         .  •        . .  2 

„  Wasseralfingen  line,  (Grermany,)      . .        • .        . .        . .  1 

„       RUti  line,  (Switzerland,) ..        ..  i 

Total,     32 
*  Of  the  type  above  illustrated. 
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Nine  types  of  the  rack-rail  locomotire  haye  been  constmcted  by  Mona. 
Riggenbach  at  his  special  workshops  at  Aaraa.  According  to  the  con- 
aimction  of  the  lines  and  the  loads  to  be  dealt  with,  these  locomotiTes 
▼aiy  in  weight  from  10  to  SO  tons,  while  the  power  they  are  capable  of 
dereloping  yaries  from  80  to  400  horse  power.  The  smallest  rack-rul 
looomotiTe  yet  made  is  capable  of  taking  a  load  of  25  tons  np  a  gradient 
of  1  in  10 ;  and  the  largest  yet  designed,  for  nse  on  main  lines,  will 
take  a  train  of  120  tons  at  a  speed  of  6  miles  an  hour  np  a  gradient  of  1 
in  20.  In  the  engines  for  main  line  traffic,  the  arrangement  is  snch,  that, 
when  a  steep  gradient  is  being  ascended  by  the  aid  of  the  rack-rail,  the 
ordinary  driving  wheels  become  carrying  wheels  only ;  while  on  the  other 
hand,  when  the  engine  is  being  used  as  an  ordinary  looomotire,  the  rack- 
rail  gear  does  not  work. 

The  Oo^emmait  of  Baden  have  ordered  the  sarrey  of  a  line  on  the 
rack-rail  system  from  Fribonrg  to  Nenstadt  and  to  Donaneschingen  in 
the  Black  Forest,  with  gradients  of  1  in  20,  and  1  in  16}.  The  lUlian 
and  Swiss  Oovemments  hare  just  sanctioned  the  constmction  of  a  tronk 
line  on  this  system  108  miles  long.  It  will  pass  from  Lake  Lnceme  on 
Hie  Swiss,  oTer  the  Alpine  Pass  of  St.  Gotthard,  to  Lake  Oomo  on  the 
Italian  side,  and  will  connect  the  following  towns  :— Immensee,  Bchwys, 
Altorf,  Biasca,  Lugano,  Chiasso  and  Como. 

**  Altogether  the  rack-rail  system  has  many  points  in  its  favor,  and 
^  we  regard  it  as  pecidedly  preferable  in  every  respect  to  Mr.  Fell's  sys- 
'<  tern  of  centre  rail  with  horizontal  gripping  wheels.  That  its  employ- 
**  ment  will  become  considerably  extended  cannot  be  doubted."  (Engi- 
neering, Jane  1st,  1877,  page  418). 

J.  L.  L.  M. 
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No.  CCXXXI. 

MOUNTAIN  RAILWAY  FOR  THE  NILGIRI  HILLS. 

(2nd  Papbr). 


By  Capt.  J.  L.  L.  Morant,  R.E.^  Dutriei  Engineer,  NilgirU. 


[Thb  sabject  of  ^'Moontain  Railways*'  has  been  discassed   in   the 
Professional  Papers  on  Indian  Engineering  in  two  Articles,  one  (No. 
OLXY.,  Joly  1875)  dealing  directly  with  the  question  of  a  railway  to  the 
Nilgiri  Hills,  vid  the  Coonoor  Ohaut,  the  second;(No.  OLXXXVI.,  Jan- 
uary 1876)  relating  to  the  Central  Ladder  system,  as  already  employed 
in  Bwitserland  and  Austria.    The  subject  is  one  which  must  ere  long  come 
before  Indian  Engineers  in  a  practical  form,  as  the  net  work  of  main  lines 
of  railway  over  the  plains  of  India  approaches  completion,  and  attention 
and  money  can  be  spared  for  connecting  this  system  with  our  Military 
posts,  our  stations,  and  our  colonies  in  the  Himalayas,  Nilgiris,  and  other 
mountain  ranges :  meanwhile,  it  is  of  advantage  to  collect  and  analyse 
all  the  information  which  the  spread  of  the  several  Mountain  Railway 
systems  in  other  countries  renders  available  to  students  of  this  special 
branch  of  engineering  science.     The  readers  of  this  publication  are 
indebted  to  Oaptain  Morant,  RE.,  for  careful  investigations  into  the 
working  of  European  lines,  and  for  able  reports  and  compilations,  both  m 
regard  to  the  proposed  line  over  the  Ooonoor  coast,  and  with  respect  to  the 
general  question  of  different  systems  of  Mountain  Railways.  Although  the 
Qovemment  of  India  are  not  at  present  prepared  to  sanction  at  the  ez* 
pense  of  the  State  the  railway  above  referred  to,  it  is  possible  that  private 
enterprise  may  raise  the  requisite  funds ;  and  the  question  continues  to 
occupy  the  attention  of  the  local  officers.    Captain  Morant  deeming  that 
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the  reluctance  of  GoYernmcnt  to  undertake  the  railway  in  question  was 
dae  in  part  to  the  want  of  complete  information  in  regard  to  the  cost  and 
details  of  working  of  the  sereral  systems,  has  continued  to  collect  further 
data,  and  to  correspond  with  the  most  eminent  pioneers  of  mountain 
railway  construction  in  Europe. 

The  following  extracts  from  reports  and  letters,  &c.,  from  this  officer's 
pen,  will  he  found  interesting  and  instmctire,  and  will  make  the  reader 
em  ccurant  with  the  latest  progress  achioTcd  in  the  Rigi  system  of  rail- 
ways.— Ed.] 

In  paragraph  2  of  Public  Works  Department  O.  0.,  No.  1213  of  the 
dOth  of  April  last,  occurs  this  paragraph : — <<  The  actual  cost  of  con- 
struction and  maintenance  of  the  Fell  system  seems  to  be  but  imperfect- 
ly known,  and  that  of  the  Rigi  system  to  hare  been  unduly  enhanced  by 
the  shortness  of  the  lines  on  which  it  has  hitherto  been  carried  out/' 
This  appears  to  imply  that  more  accurate  information  regarding  these 
two  systems  is  desirable,  and  I  am  informed  that  such  further  information 
has  been  asked  for  by  the  GoYemment  of  India.  I  took  the  liberty  of 
sending  the  aboYe  G.  0.  to  Mons.  Riggenbach,  the  luYentor  of  the  Rigi 
system  and  Director  of  Mountain  Railways  in  Switzerland,  with  whom 
I  had  been  corresponding,  and  he  has  most  readily  and  courteously, 
through  his  colleague  Colonel  ZschoJ^ke,  supplied  me  with  a  consider- 
able amount  of  reliable  information  regarding  both  the  aboYo  systems, 
particularly  that  of  the  Rigi,  which  I  trust  GoYemment  will  be  pleased 
to  consider  of  sufficient  importance  to  be  recorded  in  print,  either  for  pre- 
sent or  future  reference.  I  belicYe  the  Secretary  of  State  for  India  has 
declined  at  this  present  moment  to  sanction  any  ndlway  to  these  hills. 
But  since  the  desirability  of  such  an  undertaking  will  in  a  few  more  years 
be  probably  placed  beyond  question,  I  hope  GoYemment  will  consider 
that  all  reliable  information  which  can  in  the  meantime  be  collected  is  of 
importance.  I  haYC  therefore  the  honour  to  append  Colonel  Zschokke's 
letter,  and  a  surYcy  plan  of  the  Rigi  mountain,  as  also  translations  from 
the  German  and  French  of  two  pamphlets  relating  thereto.*  I  haYe 
gone  to  some  trouble  to  couYcrt  all  German  and  French  measures,  weights, 
and  money  into  their  English  equlYalents,  so  that  the  whole  subject  may 
be  more  easily  understood. 

*  Vute  ProfcMionAl  Papers  on  Indian  JSngineering,  Second  Series,  Vol.  V.,  page  1. 
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It  has  been  by  many  sapposed  that  the  Rigi  system  coald  only  meet 
a  large  passenger  traffic,  but  it  is  now  proposed  for  an  annual  grain  traffic 
of  nearly  4,50,000  tons,  or  a  daily  traffic  of  from  1,500  to  d,000  tons.  To 
carry  this  traffic,  it  is  to  be  laid  on  a  gradient  of  1  in  12|,  this  being  the 
same  gradient  on  which  Fell's  system  has  been  laid  in  Brazil.  Bnt 
whereas  FeU's  engine  has  only  been  able  to  drag  27  tons,  the  Rigi  engine 
is  calculated  to  push  up  60  tons  of  paying  load  on  this  gradient. 

With  regard  to  Colonel  Zschokke's  critique  on  the  Coonoor  Ghaat 
estimates,  there  does  not  (when  the  figures  are  examined)  appear  any 
serious  difference  between  his  estimates  and  those  made  by  Major  A. 
deCourcy  Scott,  R.E.,  at  least  so  far  as  the  rack-rail  system  is  concerned. 
The  cost  per  mile  of  M.  Riggenbach's  railway  from  the  table  in  para- 
graph 25  of  Major  Scott's  report,  after  correcting  a  slight  error  in  addi- 
tion, is  put  down  at  Rs.  1,85,087 

Colonel  Zschokke's  estimate  is        .  •         • .       „    1,94,387 

Difference  Rs.  9,800 
or  about  5  per  cent.  But  the  latter's  charge  for  rolling  stock,  which  is 
per  mile  Rs.  13,400  over  that  in  Major  Scott's  report,  is  calculated  for 
a  traffic  of  21,000  tons  per  month,  or  twelre  times  the  estimated  traffic 
on  the  Coonoor  Ohaut.  There  is  a  larger  difference  in  the  respectiye  esti- 
mates for  the  Fell  Railway,  as  follows : — 

Colonel  Zschokke's  estimate, .»         ..  ..   Rs.  1,96,114 

Major  Scott's  estimate  (corrected  in  addition),    „     1,59,714 

Difference  Rs.  36,400 
But  the  excess  in  the  rolling  stock  accounts  for  Rs.  1 5,000,  and  for  the 
rest  Colonel  Zschokke's  figures  are  probably  more  correct  than  Major 
Scott's.  No  one,  I  presume,  will  now  dispute  that  the  Rigi  system  on 
the  Coonoor  Ghaut  will  be  cheaper  than  Fell's  system.  Major  Scott  makes 
the  difference  in  his  corrected  figures  £65,696,  Colonel  Zschokke  makes 
it  £1,05,222. 

With  regard  to  the  estimate  for  maintenance,  it  would  seem  that 
Major  Scott's  figures  are  not  likely  to  be  exceeded.  The  annual  working 
expenses  of  the  Rigi  line  were  £9,519  in  1874.  But  all  expenses  of 
management  and  train  service  are,  it  is  to  be  supposed,  greater  for  pas- 
sengers than  for  goods  traffic,  and  will  thus  be  proportionately  less  on 
the  Coonoor  Ghaut,  where  it  is  chiefly  goods  traffic  which  has  to  be 
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pTOTided  for.  The  train  mileage  compares — Goonoor  Qhaat  17,000| 
Rigi  20,988.  The  entire  annual  working  expenses  on  the  Rigi  (a  single 
line)  on  a  gradient  of  1  in  5,  are  ds.  9d,  per  train  mile.  Oyer  the 
Arlherg  (a  donble  line),  with  a  gradient  of  1  in  12^,  they  are  calculated 
at  6tf.  6e^.  per  train  mile ;  but  the  cost  of  the  traffic  service  (such  as 
wages  of  ticket-collectors,  porters,  &c.,)  seems  to  be  omitted.  The  Arl- 
berg  Railway  is  so  yery  different  in  its  construction  from  what  a  similar 
system  on  the  Goonoor  Qhaut  would  be,  that  it  is  difficult  to  compare  the 
two.  The  galleries  and  tunnels  on  the  former  would  not  be  required  on 
the  latter,  and  there  is  the  single  line  against  the  double.  The  rolling 
stock  on  the  Swiss  line  is  also  far  greater  than  would  be  needed  on  the 
Goonoor  Qhaut.* 

In  paragraph  3  of  Public  Works  O.  O.,  No.  484  of  the  19th  February, 
1875,  allusion  is  made  to  Mr.  Handyside's  method  of  surmounting  steep 
gradients  by  a  combination  of  the  locomotiye  with  the  stationary  engine. 
As  a  locomotive  on  this  principle  was  exhibited  only  the  other  day  at  this 
year's  annual  meeting  of  the  British  Association  at  Bristol,  I  trust  I 
may  be  allowed  to  quote  what  an  able  engineering  writer  of  repute  says 
of  it: — 

"  Hr.  Handyside's  paper  describing  his  patent  locomotive,  and  his  proposals  as  to 
the  system  of  construction  to  be  adopted  in  the  railways  of  the  future,  led  to  a 
somewhat  warm  discussion.  Like  most  inyentors,  Mr.  Handyside  was  unfortunately 
disposed  to  ride  bis  hobby  to  death.  Instead  of  adyocating  the  nse  of  his  system 
under  very  special  conditions,  he  seemed  to  argue  that  all  railways  should  be  made 
in  gtepgf  long  stretches  of  level  alternating  with  short  inclines  of  1  in  10.  It  is 
hardly  necessary  to  say  that  such  a  scheme  did  not  find  favour  with  the  Engineers 

•  U etdenn  Riggenboch  and  Zachokke  have  proposed  to  apply  their  rack-rail  qritem  to  the  wire 
rope  and  atationary  engine  claae  of  moantain  railway.  In  the  ordinary  rallroada  of  this  claeB,  the 
weight  to  be  removed  exerts  a  direct  pull  on  the  rope,  reqnirlng  a  maximnm  strength  in  all  the 
moring  parts  of  the  machinery  ;  in  the  method  employed  hy  Riggen^ach  and  Zsohokke,  a  dmm, 
f  nznlshed  with  a  toothed  wheel  working  into  a  rack  laid  between  the  rails,  is  attached  to  each  car- 
riage, and  round  it  works  the  traction  rope.  This  rope  is  carried  roand  pulleys  with  a  diameter 
suJBoiently  large  to  obviate  damage,  drums  being  dispensed  with.  The  rack  movement  enablea 
Che  train  to  be  brought  up  at  almost  any  point ;  and  through  the  absorption  by  the  rack  of  a  great 
portion  of  the  dead  weight  of  the  train,  the  driving  rope  can  be  sllghtor  and  more  pUable.  The 
difference  between  this  and  the  Rigi  system  lies  in  the  rack,  which  in  the  former  case  U  laid  on  the 
ground,  whilst  in  the  latter  it  is  carried  by  two  bearers  eadi  7  inches  thick.  In  the  middle  of  the 
track  at  about  SS'fi  feet  apart  are  two  rollers  to  guide  the  rope ;  while  at  each  end  of  the  line  are 
drums  9-8  feet  in  diameter,  the  upper  one  moved  by  water  or  steam.  The  rotation  of  the  drums  at 
the  head  of  the  incline  imparts  motion  to  the  endleas  rope  which  moves  the  two  driving  discs  of 
the  driving  oars,  one  of  whioh  is  attached  to  each  ascending  and  deeoending  train.  The  driving 
car  consists  of  a  frame  resting  upon  two  axles,  carrying  a  toothed  wheel  connected  with  the  driv- 
ing discs,  and  griping  in  the  rack.  The  brakes  are  effectively  worked  ttom  the  platform  of  the  car. 
i'rtc.  lut,  C»IS.t  Vot.  XLJ.fiWS,)  pagtTlb, 
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present,  Mr.  Brnnlees  in  particnlar  handling  it  very  ronghly.  The  locomotlTe*  was 
to  have  been  seen  at  work  at  the  Avonmonth  Docks  on  Monday  daring  a  visit 
which  a  large  party  made  to  the  works  by  special  train.  Unfortunately,  however,  a 
plnmmer  block  cover  connected  with  the  winding  gear  had  broken,  ao  that  the  special 
feature  of  Mr.  Handyside's  engine  and  the  working  of  his  system  oonld  not  be  seen. 
The  engine  was  taken  up  and  down  an  incline  of  1  in  12,  and  the  strut  lever  (the 
lower  end  of  which  grips  the  rail  with  a  kind  of  Fowler's  clip  arrangement)  proved 
itself  a  most  efficient  brake  as  might  have  been  expected  ;  it  entirely  prevented  back- 
ward motion  of  the  engine  and  a  heavy  coal  truck  upon  the  incline  mentioned.  Men 
than  this,  however,  the  trials  did  not  show.  From  what  we  heard  of  the  working  of 
the  wire-rope  arrangement  during  the  few  days  for  which  it  had  been  used,  we  think 
it  possible  that  in  some  few  cases  it  may  be  of  use.  These  cases  would  probably 
occur  chiefly  on  works  where  otherwise  a  stationary  engine  as  well  as'  a  locomotive 
would  have  to  be  employed,  but  much  more  lengthened  experience  is  required  before 
it  is  possible  to  say  how  far  the  system  ia  suitable  even  for  this  purpose.  The  wear- 
ing of  the  rope  (which  has  of  course  no  pulleys  to  run  upon)  and  of  the  rails 
nnder  the  strut  brake  are  serious  questions  which  time  will  answer.  There  does 
not  seem  any  reason  for  thinking  that  the  plan  is  adapted  for  general  nse."t 


Letter  from  Colonbl  O.  Zschokkb,  Chief  Engineer  of  the  International 
Company  for  Mountain  Railways  in  Aarau^  to  Captain  J.  L.  L. 
MoRANT,  R.E.,  District  Engineer ^  Nilgiris. 

We  are  in  receipt  of  your  letters  of  the  2nd  and  24th  of  May  respect- 
yely,  with  the  two  orders  of  the  Madras  Goyemment,  dated  respectively 
the  1st  and  SOth  of  April,  1875.  With  reference  to  the  letter  of 
M.  Riggenhachy  in  which  he  informs  yon  that  he  will  be  absent  from 
Switzerland  for  several  weeks,  we  hare  the  honour  to  reply  to  these  papers. 

It  is  true  that  your  Ooyemment  has  corrected  in  their  ordler  of  the  SOth 
of  April,  a  good  deal  of  what  was  written  in  their  order  of  the  1st  idem. 
Nevertheless,  we  believe  that  your  (Government  is  not  yet  perfectly  appre- 
ciative of  the  superiority  of  our  system,  chiefly  on  account  of  some  errors 
in  Major  Boott's  and  in  your  reports,  which  we  have  since  corrected.  There- 
fore we  beg  to  be  allowed  now  to  furnish  a  confirmation  of  the  statements 
which  we  have  already  sent  you,  to  correct  the  mistakes  that  have  been 
made,  and  to  apply  our  system,  as  well  as  we  can  to  the  Ooonoor  Ghaut 

The  subject  of  the  Ooonoor  Ghaut  railway,  being  by  the  last  order  of 
the  Madras  Government  placed  on  a  new  footing,  we  are  in  doubts,  as 
to  whom  we  should  offer  these  detailed  statements;  whether  to  the 

*  For  drawing  and  d«icriptlon,  see  Bngineering,  Vol.  XX.,  (1875.)  page  189. 
f  Bngineering,  Vol.  XX.,  (1875,)  page  187. 
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Mftdras  Railfray  OompAny,  or  to  the  India  Office  in  London,  or  to  yonr 
angoBt  QoYernment.  We  beg,  therefore,  to  be  allowed  to  address  this 
letter  to  you,  and  request  you  to  forward  it  to  whomsoeyer  you  may  think 
the  proper  party. 

I.    Actual  cost  of  executed  Ladder-Rail  Railways  with  a 

QAUOE   of  4  FEET  8^  INCHES. 

(a).  ViUnau  Rigi  Railway^  near  Lucerne,  (Switzerland.) — Gradients, 
maximum  1  in  4,  arerage  1  in  5,  length  8*34  miles.  Dr.  Pole  has  cor- 
rectly informed  you  that  <<  the  Capital  of  the  Company  was  £50,000 
which  sufficed  for  the  first  establishment  of  the  railway,  but  the  large 
development  of  the  traffic  has  rendered  necessary  the  doubling  of  1^  miles 
of  the  line,  the  provision  of  more  stock,  the  erection  of  enlarged  stations, 
workshops,  &c."  But  we  add  that  on  this  line  are  now  running  ten  loco- 
motiyes  and  seventeen  carriages,  that  the  workshops  have  been  enlarged, 
and  that  the  stations  are  as  comfortable  as  possible.  Therefore,  the  entire 
outlay  has  risen  to  £88,268,  as  you  will  find  in  the  report  of  the  Rigi 
Railway  for  1874,  page  16. 

This  gives  a  rate  of  £26,427  per  mile.*  Tbere  is,  however,  this  to  be 
said,  that  this  railway  was  constructed  at  a  time,  when  the  prices  of 
eyerything,  especially  of  iron,  were  yery  low,  and  when  wages  were  half 
what  they  are  now.  The  information  supplied  to  you  by  a  gentleman  from 
Lucerne  is  not  at  all  correct,  for  the  work  was  commenced  after  mature 
consideration,  and  no  experiments  were  made  after  it  was  completed. 

(b).  Kdhlenhurg  Railway  from  Vienna,  (Austria.) — Gradients,  maxi* 
mum  1  in  10,  ayerge  1  in  17'9,  length  3-1  miles,  with  a  doiible  line  through* 
out  its  whole  length.  Compensation  for  land  was  unprecedently  high, 
because  the  Austrian  Ooyernment  did  not  permit  us  to  appropriate  it 
at  a  fixed  yalue.  Similarly,  the  cost  of  the  very  ornamental  stations 
which  had  to  be  erected  at  Vienna  was  yery  large.  Thus  the  railway  cost 
£2,00,000.    Therefore  a  mile  of  the  double  line  cost  £64,516.t 

*  TUs  la  for  a  Una.  of  wUch  one-half  lias  a  doable  track. 

t  This  line  wee  began  in  Hay  1878  and  opened  in  ten  months.  It  reoeiTed  no  advantages  beyond 
the  mere  concession ;  and  owing  to  the  exorbitant  demanda  of  the  landownera,  it  prored  a  oom- 
merdal  f ailnre,  the  payments  to  them  amonnting  to  £60,000  on  a  line  of  only  8*1  miles  in  length. 
The  bearing  rails  each  weigh  40  fta.  per  yard.  The  centre  rack  between  tiiom  is  oompoaed  of  two 
U-ahaped  piecea  of  rolled  iron,  into  which  the  wronght-iron  teeth  forming  the  rack  are  placed 
when  the  former  are  bot^  and  they  are  aeenred  in  position  by  the  contraction  of  the  metal.  The  rack 
la  formed  in  lengths  of  9*8  feet,  and  welgha  88'9  Iba.  per  lineal  foot.  The  rolling  atock  oonalsta  of  8 
locomottrea,  18  paaarager  cazriagee,  and  4  geoda  wagona ;  13,000  to  16,000  peraona  per  day  being 
able  to  be  oonyeyed.    i*roe.  IntL  C.S.t  Vol,  XLh^  (1876,)  pagt  277. 
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(c).  Schwabenburg  Railway  from  Buda  Pest,  (  Hangar j.) — Gradients, 
mazimum  1  in  9*7,  arerage  1  in  11*8,  length  1*8  miles. 

The  outlay  on  this  line  was  £50,000  or  £27,777  per  mile. 

The  rolling  stock  of  this  railway  is  to  be  enlarged  this  year,  becanst 
the  traffic  has  so  mach  increased^* 

(d).  Arth  Rigi  Railway  near  Zug,  (Switzerland.) — Gradients,  maxi- 
mum 1  in  5,  average  1  in  7*5,  length  5*5  miles.  (Besides  this  length  oi 
ladder-rail  railway,  there  is  a  length  of  the  ordinary  line  between  Arth 
and  Oberarth  '86  miles  long,  which  we  do  not  here  further  notice^ 
Much  of  this  line  being  composed  of  roek,  tlie  oost  of  benching  for  the 
railway  was  greatly  enhanced.  The  whole  cost  of  this  line  thus  amounted 
to  £1,60,000  or  £29,100  per  Qule.  This  railway  will  shortly  need  more 
rolling  stock,  which  now  consists  of  six  engines  and  twelve  carriages. 

(e).  Rorschach  Heiden  Railway,  from  the  shorea  of  Lake  Constance, 
(Switzerland.) — Gradients,  maximum  1  in  11,  average  1  in  14,  length  3*4 
miles. 

Actual  cost  £88,000  or  £26>000  per  mile. 

The  above  statements  show  that  none  of  the  ladder-rail  railways  which 
we  have  constructed  have  cost  less  than  £25,000  per  mile.f 

11.    Dbtailbd  Btatumbnt  showing  the  cost  of  thb  Ladder* 

Bail  Railway. 

It  is  obvious  that  the  cost  of  the  surveys,  of  con»pen6ation  for  land,  and 
of  benching  out  to  form  a  roadway  for  the  rails,  in  short  of  everything 
except  the  permanent  way,  differ  in  all  countries.  Still  we  should  be  able 
to  prepare  an  approximate  estimate  for  the  Coonoor  Ghaut  wiih  the  use 
of  the  rates  in  Appendix  P,  (in  Public  Works  G.  O.,  No.  1213  of  30th 
April,  1876,)  if  we  had  in  our  hands  the  survey  of  the  site  of  the  railway. 
If  you  desire  our  opinion  on  this  point,,  please  send  us  the  plans  with  the 
altitude  heights  marked  thereon.  In  the  absence  of  that  survey,  we  will 
confine  our  opinion  to  the  coat  of  the  permanent  way  and  of  the  rolling 
stock. 

*  The  oonoeesioii  for  this  line  was  for  forty  years,  all  land  being  granted  free  and  taxation  re> 
Miited  for  fifteen  yean.  The  track  itself  is  a  single  one,  bnt  land  and  works  have  been  taken  for  » 
double  line.  It  was  conunenoed  in  the  samnier  of  1873,  and  opened  for  tralBo  in  the  following 
year.    li.  Cathray,  a  Swiss,  was  the  Engineer.    Proe.  ItuL  C.S.,  Fol.  XU.,  (1875,)  page  S7C. 

t  In  Bwitierland,  eight  lines  proTided  with  the  central  rack  have  been  either  ooDftmcted  of  an 
in  ▼ariotu  stages.    /Vec.  itut,  CB*,  Vol,  ZIL,  (1875,)  pag*  378* 
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Parmaaent  Way.^a).  Cost  of  the  permanenfc  wrj  of  1  mile  of  the 
ladder-rail  railway  with  a  gauge  of  4  feet  8^  toches  at  a  part  town  in 
Europe, 

Ooit 
per  milt. 

£ 
2,145  Sleepers  of  oak,  €  iacbes  deep  by  7  incbei  wi^  by  7  feet  IO4 

incbea  long,  inclading  icrews  and  labour,  at  6*,  each,     .  •        536 
3,520  Sunning  yards  of  longitudinal  timben  of  deal  wood  6  X  7  in- 
ches, including  screws  and  labour,  at  1«.  7fc/.  per  yard,       290 
1 ,760  Running  yards  of  rack-rail,  with  fish-plates,  angle  irons,  rivets, 
bolts  for  the  rack,  screws  and  nails,  &c,  at  £1  liU.  6f</. 

per  yard,        •«        •        8,218 

64  Tons  of  bearing  rails,  at  86  lbs.  per  lineal  yard,  at  £14}  per 

ton, •        928 

2}  Tons  of  spikes,  at  £54|  per  ton,  123 

1*2     „    of  fish-plates,  at  £17  per  ton,       ••        ••        ..        ••  20 

'48     „    of  bolts,  at  £54}  per  ton, 26 

1,760  Running  yards  of  tracklaying,  at  8#.  714,  per  yard,  ••        319 

1,760       „  „     ofballastingand  tamping,  at  It.  10<i.  per  yard,       161 

Contingencies 47 


5,668 


It  must  be  remarked  that  the  price  of  iron  is  just  now  lower  than  it  has 
been.  We  conld  therefore  redace  by  8  or  10  per  cent,  the  cost  per  mile, 
if  the  prices  remain  the  same  when  you  give  ns  the  order  as  they  are  now. 
The  cost  per  mile  at  a  port  town  in  Europe  would  thus  be  only  £5,200. 

Per  mils.  ■ 
(b).     In  Indich^  £ 

The  cost  per  mile  as  above,    ..        ••        5,200 

Add  for  wider  gauge,  i.  a,  5  feet  6  inches—  £ 

For  longer  sleepers,  ••        ..        ••        52     - 

„  heavier  rails, 144 

Ballasting  and  tamping, 28 

224 

Add  for  freight  from  a  port  town  in  France  to  India, 
at  £7  per  ton  for  110  tons, 770 

Per  Hlometer,    ••         ••      994 

Or  per  mile,       1,590 

Cb$t  of  Permanent  Way  per  miie  in  India,  . .     6,790  (at  present 

^— -    prices). 
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Boiling  Stock.—  A.  Engines. 

(a). — A  locomotive  of  the  Viznau  Bigi-Bailway,  with  rertical  boileri 
which  can  push  up  on  a  gradient  of  1  in  5  a  paying  load  of  9  tons,  at  a  speed 
of  S'l  miles  per  hoar,  costs  at  the  workshops  in  Switzerland,  £1,800. 

(b).  A  locomotive  of  the  Arth  Rigi^Railway  (also  applied  on  the  Kah- 
lenburg  on  the  Schwabenburg  and  on  the  line  from  Rorschach  to  Heiden), 
with  horizontal  boiler,  which  pnshes  up  on  inclines  of  1  in  8  a  paying  load 
of  25  tons  at  a  speed  of  5  miles  an  hoar,  costs  at  the  workshops  in 
Switzerland  £2,200. 

(c).  A  locomotive  of  the  mixed  ayetem  with  horizontal  boiler,  which  Sfl 
able  to  ran  as  well  on  the  ladder-rail  as  on  the  ordinary  railway,  and  which 
poshes  op  on  an  incline  of  1  in  10  of  the  ladder-rail  line  a  paying  load 
of  80  tons  at  a  speed  of  4^  to  5  miles  per  hoar,  and  upon  the  ordinary 
railway  on  an  incline  of  1  in  28  the  same  load  at  a  speed  of  1\  to  9 
miles  per  hour,  costs  at  the  workshops  in  Switzerland  £2,400. 

The  gauge  of  the  above  three  engines  is  4  feet  8  J  inches.  The  order 
of  the  Madras  Qoyemment  directs  that  '<  the  engines  used  for  the  ghaut 
ascent  must  be  capable  of  working  also  into  MettapoUiam,  to  aroid  the 
necessity  of  haying  anything  more  than  a  roadside  shed  at  any  such 
unhealthy  localities  as  Kullar  or  Barliar."  Engine  (c)  would  exactly 
serve  this  purpose.  This  engine  on  the  Indian  gauge  of  5  feet  6^  inches 
(and  if  desired  constructed  for  a  higher  speed)  would  cost  at  the  Switzer- 
land workshops  £2,640,  or  delivered  at  Marseilles  £2,840.  But  if  the 
order  for  these  engines  was  received  immediately,  looking  to  the  present 
lower  prices  of  iron,  we  could  deliver  them  at  £2,400  and  £2,600  each 
at  those  respective  places. 

B.  Carriages. 

As  stated  in  our  letter  of  the  SOth  of  December  last,  the  cost  of  our  rail- 
way carriages  delivered  at  Marseilles  is  as  under: — 

£ 
One  iBt  class  carriage  for  fif ty-foar  passengers  without  windows, 

bat  with  Venetian  blinds  as  on  the  Bigi, 440 

One  second-claas  carriage  do.,        860 

One  goods  wagon  capable  of  carrying  7  tons  of  paying  load,    •  •    220 

All  the  above  carriages  have  cog-wheels,  which  can  at  pleasure,  in  a  mo- 
ment, be  engaged  in  the  rack  rail  by  an  axle  brake.    Carriages  of  the  above 
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kind,  enlarged  to  suit  the  Indian  gange  of  5  feet  6^  inchesi  would  coBt  20 
per  cent.  more. 

III.    The  cost   of  thb   Laddbr-Rail  Bailwat   couparbd   with 

THAT  OF  THB  FbLL  RaILWAT. 

(a).  Surveys,  preliminartf  expenses^  and  supervision  must  cost  per  mile 
the  same  in  both  systems.  Therefore,  as  Major  Scott  has  estimated 
Rs*.  15,000  for  the  Fell  system,  it  is  not  correct  to  place  a  larger  amount 
against  the  Ladder*-rul  railway. 

(&).  Excavation  and  embankments.~^Yoxx  will  find  that  what  we  now 
state  is  the  fact,  viz.,  that  the  embankments  and  cuttings  become  less  in 
quantity  as  the  gradient  increases  in  steepness,  for  the  traced  line  can 
then  be  made  to  fit  more  closely  to  the  natural  slope  of  the  ground.*  The 
cost  of  excayation  and  of  embankment  are  thus  decidedly  less  in  the  Rigi 
system.  But  not  being  in  possession  of  the  plans  of  the  Coonoor  Ohaut, 
we  cannot  state  what  this  reduction  will  be,  so  we  will  forego  this  point  in 
our  favour. 

(c).  Permanent  way, — We  have  before  explained  in  detail  that  the  per- 
manent way  of  the  Rigi  system  costs  per  mile  £6,790.  On  Mount  Cenis, 
the  cost  of  one  mile  of  the  Fell  system  on  a  gauge  of  3  feet  7^  inches 
was  as  follows  :— 

Cost  per  mile. 

2;145  Sleepers  of  oak  T  x  9|'  and  6  feet  lOi  inches  long,  at  1$. 

4i(«  eacD,        •••        ...        •••        ...        ...        ••■        *••  7of 

1,760  Rnnning  yards  longitudinal  timbers  9^"  X  9^',  inclnding 

screws  and  laboor,  &&,  at  St.  2\d,  per  yard,        282 

198  Tons  of  rail  (at  75  lbs.  per  yard),  at  £14^  per  ton,         ...  2,871' 

4  Tons  of  fish  plates  (1,126  in  all),  at  £17  per  ton, 68 

-96  Tons  bolts  (2,253  in  all),  at  £54|  per  ton, ...  53 

4,290  Chairs  at  20  lbs.  each  =  434  tons,  at  £22^,...        979 

584  Chairs  at  the  joints  of  the  middle  rail  at  22  lbs.  each  =  5  tons, 

at  £32  per  ton,          •••        ..•        •••        ...        ..•        ...  160 
1,786  Chairs  in  the  intermediate  spaces  of  the  middle  rail  each  16 

lbs.  =  14  tons,  at  £22}  per  ton, ••  316 

1,760  Banning  yards  of  track  laying,  at  Za,  Id,  per  yard,           ...  319 
1,760  Banning  yards  of  ballasting  and  tamping,  at  Is,  \0d,  per 

ranning  yard,...        ...        ...        ...        ••.        •••        ...  161 

Contingencies,     ...        ..»        •••        •••        •••  55 

Cost  per  miie  of  Fell's  Permanent  Way,    ...  6,051 

•  This  \M  aa  important  practical  fact  worth  noUcing, 
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Brought  forward,    •••  6,051 

Add  for  widening  gauge  from  8  feet  7^  inches  to  6  feet 

0  inches  for  sleepers  2,145,  at  28.  Sd»  each,       260 

For  rails  (to  have  a  weight  per  lineal  yard  of  85  lbs.)*  26 

tons,  at  £14^  per  ton, 878 

Ballasting  and  tamping, 91 

729 

Freight  from  a  French  port  to  India,  291  tons  at  the  sam« 

price  as  before,  viz.,  £7  per  ton, 2,037 

Cost  of  Fell's  Permanent  Way  in  India  per  mile,  8,817 

(rf).  Masonry  Works  and  Girders. — As  we  pointed  out  under  (ft),  the 
embankments  and  cuttings  will  decrease  in  size  as  the  grade  increases  in 
steepness.  The  bridges  will  do  likewise.  But  here  also  for  a  second 
time  we  will  forego  this  advantage  in  favour  of  our  system,  as  we  do  not 
possess  the  plans  of  the  Coonoor  Qhaut.  We  will  therefore  take  Major 
Scott's  figures,  yiz.,  Rs.  20,000  per  mile. 

(e).  Stations  and  Buildings. — Both  lines  will  need  the  same  number 
of  stations,  &c.,  independent  of  their  length,  as  they  connect  the  same 
places.  Therefore  as  Major  Scott  estimates  for  the  whole  line  £12,000 
the  rates  per  mile  for  the  ladder-rail  railway — 

7  miles  long  will  be,        17,140 

And  for  the  Fell  line  12  miles  long  will  be,     10,000 

(/).  Rolling  Stock.  A.  Engines. — We  will  assume  a  traffic  that  will 
need  seven  engines  of  the  kind  (c)  of  the  ladder-rfdl  railway.  Such  an 
engine  pushes  up  18  tons  on  a  gradient  of  1  in  8  at  a  speed  of  6*2  miles 
per  hour.  The  seven  miles  of  the  ladder-rail  railway  will  thus  be  tra- 
versed in  67  minutes.  Let  us  suppose  that  23  minutes  are  needed  for 
taking  in  water  and  for  oiling  the  engine,  &c.,  and  that  each  engine 
works  nine  hours  a  day.  Then  each  engine  will  push  up  and  down  108 
tons  per  day,  or  all  the  engines  756  tons.  With  the  locomotives  on 
Fell's  principle  on  Mont  Genis,  18  tons  were  taken  up  by  each  engine  at 
a  speed  of  8*8  miles  per  hour  on  a  gradient  of  1  in  13.  As  the  Fell  sys- 
tem will  ascend  the  Coonoor  Ghaut  in  12  miles,  each  engine  will  require 
87  minutes  to  push  up  a  paying  load  of  18  tons.  Taking  as  before  23 
minutes  for  taking  in  water,  &c.,  and  nine  hours  for  working  per  diem,  the 
same  total  load  of  756  tons  will  require  eight  or  nine  locomotives  on  the 
Fell  prindple. 

*  These  nil«  are  much  taeaTier  than  tbiofle  entered  in  the  Rigl  eyetem  eekimate. 
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If,  therefore,  the  trafiBc  on  the  Coonoor  Ohaut  stande  in  need  of  seven 
enginee  on  the  Bigi  principle,  it  will  require  eight  or  nine  locomotiyes  on 
the  Fell  principle  to  ascend  the  same  height,  and  to  do  the  same  work  in 
the  same  time.  The  engines  for  the  Fell  railway  being  much  more  com- 
plicated than  those  on  the  Rigi  system,  (because  there  are  four  instead 
of  two  cylinders,  four  instead  of  two  driring  wheels,  and  because  they  are 
constructed  much  heavier  in  every  way,)  they  will  cost  on  the  Indian 
gauge,  and  including  freight  to  a  French  port,  «£8,000  each. 

B,  Camiagts. — The  cost  of  each  of  these  on  the  Fell  line  will  be  the 
same  as  those  on  the  Bigi,  but  more  will  be  needed  in  proportion  to  the 
greater  number  of  engines.  Thus  if  the  ladder-rail  railway  stands  in  need 
•f  21  carriages,  the  Fell  railway  which  ascends  the  same  height  will  re- 
quire 25  or  26  carriages. 

Thus  the  outlay  for  rolling  stoek  will  be  on  the  ladder-rail  railway*— 


7  engines,  at  A2,600  eaeh,  

21  carriages,  at  an  ayerage  price  of  £400  each, 
180  Tons  freight  to  India,  at  £21  per  ton. 


••• 


■  »• 

•  •• 

•  •• 

18,200 
8,400 
8,780 

30,380 

26,600 

10,200 

4,620 

40,320 

••• 

4.340 
3.360 

On  the  Fell  Railway^ 

From  8  to  9  engines,  at  £3,000  each,  ... 
From  26  to  26  carriages,  at  £400  each,... 
220  Tons  freight  to  India,  at  £21  per  ton, 


Or  the  rates  per  mile  will  be— 

For  the  ladder-rail  railway  7  miles  long, 

For  the  Fell  railway  12  miles  long,       

(jgj).  Electric  Telegraph  and  Fencing  must  cost  the  same  per  mile  in 
both  systems.  Therefore  as  Major  Scott  takes  £150  per  mile  for  the  Fell 
line,  the  same  must  be  allowed  for  the  Rigi  system. 

(A).  Land  Compenaation. — This  is  also  the  same  per  mile  in  both 
systems,  and  may  be  taken  as  Major  Bcott  does  at  £50. 

(t).  Contingencies. — We  cannot  understand  why  Major  Scott  puts  a 
larger  outlay  per  mile  i^ainst  the  ladder-rail  than  he  does  for  the  Fell 
system.  We  will,  however,  raise  no  further  objection  to  it  and  retain  his 
figures. 
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Camparis^  of  the  cost  of  Railways  on  the  Fell  and  Rigi  principle  applied 
to  the  Coonoor  Ohaut  on  the  Indian  Standard  gauge. 


ParticnlvB. 


FeU  Railway 

gradient 

tin  IS. 


RlgiBaihray 

giadient 

I  in  7. 


(a).  Surveys,  preliminary  exponsea,  and  supervision,    . 

(li).  Excavation  or  embankment,  (formation  of  loadivay,) 

(<;).  Permanent  way  and  ballasting, 

(</).  Masonry  works  and  girders,       

(e).  Station  buildings,  gates  and  crossings, ... 

(/).  Rolling  stock 

(^).  Electric  telegraph  and  fencing 

(A).  Compensation  for  land, 

(i).  Contingencies, 

Total  per  mile, 
Mileage  on  the  ghaut. 

Total  cost  of  construction  of  ghaut  line,       

Extension  from  MetapoUiam  to  Kullar, 

Total  cost  of  the  line  from  MetapoUiam  to  Coonoor,... 
Interest  on  outlay  during  construction  at  6  per  cent. 


Whereas  Major  Scott  estimates  this  at 


Capital  charge, 


Cost  per  mile. 

1,500 
2,000 
8,780 
2,000 
1,000 
8,360 

150 
50 

771 


19,611 
12 


2,35,332 
50,000 


2,85,332 
17,120 


3,02,452 
2,58,655 


Ooit  par  mile 

£ 

1,500 
2,000 
6,790 
2,000 
1,714 
4,340 

150 
50 

895 


19,439 
7 


1,36,073 
50,000 


1,86,073 
11,164 


1,97,237 
1,86,437 


We  have  thus  established — 

(a).  That  the  cost  of  one  mile  of  the  Fell  line  will  be  £172  more 
than  that  of  the  Rigi  railway. 

(b).  That  the  cost  of  the  whole  line  on  the  Fell  principle  is  in  round 
numbers  £1,05,000  more  than  that  on  the  Rigi  principle. 

IV.  The  coat  of  Maintenance  and  Working. — Few  if  any  persons 
here  are  acquainted  with  the  circumstances  of  the  Indian  lines,  still  less 
with  those  of  the  Coonoor  Ghaut.  We  are  therefore  quite  unable  to  form 
an  estimate  of  the  working  cost  in  that  place.  But  we  can  state  from 
our  experience  in  Europe,  and  from  our  detailed  calculations  thereon, 
that  the  working  expenses  on  a  ladder-rail  railway  on  a  gradient  of  1  in 
7|  are  in  Europe  about  30  per  cent,  cheaper  than  those  on  a  Fell  railway 
on  a  gradient  of  1  in  13.* 

*  This  is  an  important  fact  confirmed  from  other  fourcet. 
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y .  RecapHulation.'^la  this  fresh  disenssion  of  the  qnestion,  the  follow- 
ing points  hare  been  estftblished : — 

(a).  The  actual  cost  of  the  ladder-rail  railways,  which  hare  np  to 
date  been  constmcted  in  Enrope,  has  never  been  less  than  £25,000  per 
mile.  Neyertiieless  £20,000  per  mile  will  probably  suffice  to  constmct  a 
ladder-rail  railway  on  the  Coonoor  Qhant 

(b).  The  Fell  looomotiye  will  not  carry  np  twice  the  paying  load 
which  the  Rigi  locomotiye  pnshes  np.  The  load  is  the  same  in  both 
principles,  yiz.,  18  tons. 

(c).  It  is  tme  that  the  mechanical  principle,  of  the  Bigi  system  does 
not  allow  of  a  high  absolate  speed.  Bat  the  effect  on  the  Coonoor  Ohant 
will  be  that  the  ladder-rail  railway  of  7  miles  in  length,  will  be  ascended 
at  a  speed  of  6*2  miles  an  honr  in  67  minutes,  whilst  the  same  height 
can  only  be  climbed  up  in  a  length  of  12  miles  by  a  locomotive  on  the 
Fell  railway  at  a  speed  of  8*3  miles  an  honr  in  83  minutes. 

(d).  The  cost  of  a  mile  of  the  ladder-rail  railway  will  be  about  £172 
less  than  that  of  a  mile  of  the  Fell  railway  including  rolling  stock. 

i^e).  The  whole  Coonoor  line  will  be  about  £1,05,000  cheaper  on  the 
Rigi  principle  than  on  the  Fell  plan. 

(/).  '  The  expenses  for  working  and  maintenance  are  about  80  per 
cent,  cheaper  on  the  ladder-rail  railway  than  on  the  Fell  railway.  We 
may  further  notice  that^* 

(g).  The  power  of  the  Rigi  engine  is  not  limited  (as  is  the  Fell  en- 
gme)  to  the  variable  adhesion  of  the  wheels  to  the  rails.  By  strengthen- 
ing the  engine,  and  the  rack  rail,  the  power  of  pushing  up  loads  can  be 
increased  to  almost  any  extent,  and  can  be  made  to  work  quite  indepen- 
dent of  weather. 

(A).  The  wear  and  tear  of  the  rolling  stock,  rails,  and  racks  is  very 
insignificant  in  the  Rigi  system,  while  the  rails  of  the  Fell  line  must  be 
renewed  once  in  seven  or  eight  years ;  daring  the  five  years  that  it  has 
worked,  the  Rigi  rails  have  been  hardly  at  all  affected. 

(t).  As  we  have  before  explained,  the  combined  engines  can  run  on  the 
ordinary  rail  as  well  as  on  the  ladder-rail.  Thus  the  rack  can  be  discon- 
tinued and  resumed  at  intervals  without  stopping  the  engine.*  Such  a 
railway  exists  in  Ostermundingen  near  Bern  (Switzerland).     We  con- 

*  Thii  improvemfiot  Is  making  the  Blgl  system  more  genenUj  applicable. 
VOL.   VI. — BXOOMD   SBBIES.  2  I 
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tnicted  and  started  it  four  years  ago.    The  results  of  its  working  are 
excellent.* 

{k),  Fioally,  we  beg  to  state  that  the  security  of  the  Rigi  system  satis- 
fies every  one,  and  is  as  perfect  as  can  be  conceired.  This  is  confirmed  by 
the  fact  that  daring  five  working  years,  no  accident,  however  slight^  has 
occurred  on  the  lines  we  have  made. 

,  We  should  much  like  to  come  to  terms  with  the  Madras  Government 
coneeming  the  delivery  and  setting  up  of  the  permanent  way,  the  delivery 
of  the  rolling  stock,  and  the  starting  of  the  working  of  the  line.  If  re^ 
quired  to  do  so,  we  shall  be  happy  to  send  one  of  our  Engineers  to  advise 
on  the  direction  which  a  line  on  our  system  should  take  on  the  Coonoor 
Ghaut. 

We  beg  you  will  be  good  enough  to  lay  this  matter  before  the  Madras 
Government  and  inform  us  of  the  result. 

O.Z. 


Thb  Ragk-bail  Railway  btstbm  ik  Gbbmamt. 

Translated  from  the  German  by  Captain  J.  L.  L.  Mobant,  R.E.y  D^- 
trict  Engineer^  Nilgiria. 


(From  the  Basle  News  of  November  1876.  J 

"  The  Swabian  Mercury  gives  the  following  description  of  the  recently 
completed  rack-rail  railway  to  the  iron  mines  of  Wasseralfingen  in  the 
Duchy  of  Wurtemberg,  which  was  opened  last  October. 

This  line,  interesting  as  being  the  first  rack-rail  line  in  Germany,  is 
worked  with  light  trucks  made  wholly  of  iron,  which  convey  the  ore  from 
the  mines  to  the  foundries,  and  the  slag  back  again.  The  trains  are 
drawn  by  a  locomotive  specially  constructed  for  this  line.  At  some  dis- 
tance from  the  foundries  there  is  an  engine  shed,  where  the  locomotives 
are  kept  when  not  in  use,  where  they  are  cleaned,  and  where,  if  necessary, 
they  are  repaired.  The  locomotive  (to  correspond  witii  the  small  mineral 
wagons)  is  but  of  moderate  size,  though  of  elegant  design,  and  was 

*  The  OitennmicUngen  railway  was  constructed  four  years  ago  to  open  np  certain  qoarries  an  irell 
ai  for  pOMenger  trafflo.  Afteralerel  ran  of  4,930  feet»  it  riMt  with  a  gradient  of  lin  10,  for  adiataaoe 
of  1,640  feet,  where  it  again  takes  a  lerel  run  into  the  qnarries.  The  central  racdc  rail  is  only  laid 
on  the  rising  portion  of  the  line,  the  locomotive  being  constmcted  so  as  to  work  like  an  ordinary  en- 
gine until  it  reaches  the  ascent,  when  the  machinery  is  put  in  gear  with  the  rack.  This  railwiy 
connects  with  one  ot  the  main  lines  of  the  oountry,  the  goodt  wtgont  used  on  both  itnu  btiag  A« 
tame*    Proe,  Inst,  C*A,  Fof .  XLL,  (1876,)  page  977. 
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oonstracted  by  Messrs.  Heim  and  Riggenbach  at  Aarau.  Goided  by 
these  two  gentlemen,  it  left  its  shed  and  travelled  over  the  smooth  rails 
of  the  foundry,  all  the  furnaces  and  workshops  of  which  are  connected 
by  rails,  forming  a  perfect  net  work.  Adjoining  the  foundry,  another 
company  have  established  works  for  manufacturing  very  superior  bricks  out 
of  the  slag  mixed  with  slaked  lime.  The  locomotive,  on  the  day  of  trial, 
was  attached  to  12  trucks,  specially  constructed  for  convenience  in  loading 
and  unloading  the  mineral ;  these  were  filled  with  slag  dust,  and  some 
were  boarded  for  the  occasion  to  form  a  platform,  on  which  the  numerous 
gentlemen,  who  came  to  witness  the  experiment,  took  their  places.  The 
train  was  started  amidst  the  cheers  of  an  assembled  crowd  of  mechanics 
and  miners,  who  had  been  promised  a  special  trip  in  the  afternoon.  The 
train  travelled  at  speed  towards  the  incline  of  '*  Appenwangs  "  over  the 
plain  on  smooth  rails  rising  1  in  40.  As  we  approached  the  foot  of  the 
incline,' the  rack-rail  railway  looked  proudly  down  upon  us  from  a  great 
height.  Its  gradient  is  1  in  11.  We  passed  from  the  smooth  to  the 
central  rack-rail  successfully,  and  went  for  some  distance  over  the  latter, 
when  we  returned  to  the  foundry.  The  method  of  providing  for  the  safe 
passage  of  the  locomotive  from  the  smooth  to  the  central  rack-rail  is  not 
so  easy  as  might  be  supposed.  A  peculiar  and  beautiful  arrangement  is 
necessary.  It  is  as  well  to  mention  this,  and  to  draw  attention  to  the 
way  in  which  the  machinery  of  the  locomotive  is  gradually  brought  into 
connection  with  the  central  rack-rail.  In  advance  of  the  regular  fixed 
central  rack-rail  is  a  piece  of  central  rail  resting  on  a  powerful  elastic 
spring,  the  rungs  of  the  rail  ladder  being  at  a  greater  distance  apart  than 
in  the  regular  rail  and  diminishing  by  degrees  in  distance  until  the  nor- 
mal distance  between  the  rungs  is  obtained.  The  toothed  driving  wheel 
of  the  locomotive,  on  reaching  the  first  rung  or  cog  of  the  advance  rail, 
presses  down  the  elastic  spring,  and  its  tooth  drops  down  somewhere 
between  the  first  and  second  cogs ;  by  this  means  the  teeth  of  the  driving 
wheel,  as  it  moves  forward,  are  guided  by  degrees  over  the  cogs  of  the 
elastic  rail  into  the  normal  fixed  rail,  on  reaching  which  the  driving  wheel 
has  adjusted  itself  to  its  proper  position  with  reference  tcr  the  central  rack- 
rail,  and  its  teeth  work  into  the  rungs  of  the  ladder  without  a  jar.  This 
arrangement  requires  to  be  seen  to  be  thoroughly  understood  and  appre- 
ciated. In  conclusion,  we  can  with  pleasure  testify  that  the  rack-rail 
railroad  at  Wasseralfingen  admirably  answers  all  its  purposes.'* 
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{From  No.  19  of  '  The  Swiaa  BaUway  Journal.*) 

«  The  cog-wheel  locomotive  conBtnicted  in  the  Workshops  of  Aaraa  for 
the  Wurtemhnrg  Mining  Company  at  Wasseralfingen  has  been  illustrated 
in  this  Jonmal.  On  the  27th  and  28th  of  October,  it  was,  under  the  per- 
sonal direction  of  Mons.  Biggenbach,  first  tried  there  in  the  presence  of 
the  following  officials : — ^The  Oonsnlting  Engineer,  Mons.  Morlock,  the 
Mining  Director,  Mons.  Erhardt  Ton  Knapp,  the  Railway  Inspectors, 
Messieurs  Hahne  and  Heim,  the  Professors  of  Technics,  Uesdears 
Mailer  and  Dom,  and  many  other  leading  gentlemen  of  the  Railway 
and  Mining  Departments.  The  results  of  the  trial  were  in  every  parti- 
cular highly  satbfactory.  The  line,  on  which  the  locomotive  was  tried, 
is  of  metre-gauge.  It  connects  the  iron  foundries  at  Wasseralfingen 
with  the  mines,  which  are  262^  feet  higher  than  the  foundry.  The 
line  is  made  partly  in  the  ordinary  way  on  an  incline  of  1  in  40,  and 
partly  with  a  centre  rack-rail  on  the  Rigi  system  with  a  gradient  of  1  in 
IS.  It  being  essential  that  but  one  locomotive  should  drag  each  train 
over  both  lines,  the  locomotive  referred  to  has  been  constructed  to  traverse 
the  smooth  and  more  level  rails,  and  has  been  also  provided  with  a  cogged 
driving-wheel  to  run  over  the  rack-rail  portion.  It  performs  both  duties 
satisfactorily,  as  the  trials  witnessed  at  Wasseralfingen  plainly  showed. 
Nine  loaded  trucks,  weighing  in  all  28  tons,  were  drawn  up  the  incline  of 

I  in  IS  at  a  speed  of  nearly  9^  miles  per  hour ;  but,  as  a  rale,  the  speed  over 
similar  rack-rail  inclines  is  not  intended  to  exceed  5  or  6^  miles  per  hour. 
The  above  locomotive  loaded  with  fuel,  &c.,  and  ready  for  starting,  weighed 

II  tons.  Thus  at  the  trial  it  dragged  up  an  ascent  of  1  in  IS,  a  train 
weighing  more  than  2|  times  its  own  weight,  at  a  speed  of  9^  miles  per 
hour :  whereas  the  locomotive  on  the  Netliberg  line  on  an  incline  of  1  in  14, 
in  favourable  weather,  drags  up  only  a  train  of  its  own  weight.  On  the 
ordinary  portion  of  the  Wasseralfingen  line,  with  the  1  in  40  gradient, 
the  cog-wheel  locomotive  easily  drew  the  above  28  tons  of  train  weight 
at  a  speed  of  12^  miles  per  hour.  The  chief  difficulty  of  passing  without 
sladdng  speed  from  the  ordinary  smooth  line  to  the  rack  line  and  vice 
versdf  has  by  a  clever  arrangement  been  completely  overcome." 

J.  L.  L.  M. 
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No.  COXXXII. 

SECTIONS  OP  INDIAN  WEIRS. 

[  ride  Fkte  XXX] 


Bt  Major  A.  M.  Lano^  R.E. 

Thb  accompanying  PkUe  XXX., — ^which  shows  at  one  view,  and  drawn  to 
one  scale,  the  sections  of  twelre  different  weirs  hailt  in  the  Panjab,  N.  W. 
ProyinceSy  Bengal,  and  Madras,— was  prepared  for  insertion  in  the  new 
edition  of  the  second  yolame  of  the  Roorkee  Treatise  of  Giyil  Engi- 
neering, as  an  nsefal  and  instmctiye  illustration  of  this  class  of  engi- 
neering works  as  existing  at  the  present  date  in  India.  It  is  repro- 
duced in  the  '  Professional  Papers  on  Indian  Engineering,*  as  it  is  believed 
that  it  will  prove  interesting  to  many  readers  of  this  publication,  who 
may  not  hare  opportunities  of  consulting  reports,  &c.,  of  different  dates 
and  from  different  parts  of  India,  and  of  thus  comparing  various  modes 
of  weir  building  obtaining  in  this  country.  To  render  the  information 
given  in  the  Plate  more  complete,  a  few  remarks  in  regard  to  each  of  the 
weirs  represented  will  be  here  given. 

1,  2.  Myaptur  Dam,  Northern  Ganges  Canals— This  is  an  ex- 
ample of  an  '  open  dam,'  differing  from  the  unbroken  '  anicuts '  of  Madras, 
and  the  solid  weirs  built  in  later  years  in  Northern  India.  As  stated  by  Sir 
P.  Cautley,  (in  the  foUowing  extract,)  this  dam  is  *^  in  fact,  a  line  of  sluices 
with  gates  or  shutters,  which  are  capable  of  being  laid  entirely  open  down 
to  the  bed  of  the  river  during  the  period  of  flood."  And  this  system  he 
deliberately  preferred  (for  the  rapidly  rising  rivers  of  India)  to  that  of  a 
long  unbroken  weir  with  elevated  sill,  such  as  now  generally  adopted  in 
this  country,  and  such  as  is  used  in  Piedmont  and  Lombardy.  In  discus- 
sing the  canals  of  Piedmont,  Sir  P.  Cautley  writes  as  follows  :— 

The  water  is  taken  from  the  river  and  directed  to  the  month  of  the  canal  as  in 
Lombardy,  by  a  masonry  weir  unbroken  in  its  whole  length,  ezcepting  at  one  point, 
through  which  the  anrplus  water  escapes  with  great  violence;  between  this  weir  and 
the  regulator  are  alnices  detached  from  the  weur,  for  the  purpose  of  passing  off  Burplaa 
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the  weir  are  ever  likely  to  be  puddled  by  the  action  of  the  water,  being  convinced  that 
water  into  the  bed  of  the  river,  and  by  these  means  regulating  the  canal  supply.  In 
Lombardy  precisely  the  same  plan  is  adopted,  and  in  the  case  of  the  Mnxza  Canal, 
the  weir  extends  completely  over  the  bed  of  the  river ;  and  the  regulating  sluices, 
which  are  situated  between  the  head  and  the  bridge  of  communication  for  the  rail- 
road, are  of  the  same  description,  ami  on  the  same  principle  as  those  used  in  Piedmont 

This  system  of  detached  sluices  in  the  position  which  I  have  above  described,  is 
much  approved  of  by  the  Italian  engineers,  as— independently  of  giving  a  ready 
escape  for  surplus  water — they  provide  a  scour,  and  thereby  the  means  of  getting  rid 
of  the  silt  and  deposits  which  invariably  establish  themselves  in  the  mouth  of  the  canal. 

On  the  Lombardy  canals,  and  under  the  advantages  with  which  their  water 
reaches  the  canal  heads,  the  elevation  of  the  sills  of  the  weirs  does  not  appear  to  be 
of  serious  consequence  in  raising  the  beds  of  the  rivers  on  the  up-stream  side.  In 
Piedmont,  on  the  contrary,  where  the  weirs  are  built  over  rivers  directly  running 
from  the  mountains,  the  effects  of  deposits  above  the  weir,  as  might  have  been  ex- 
pected, are  of  a  very  serious  nature.  At  the  time  that  I  visited  Ivrea  and  the  head 
of  the  Ivrea  Canal,  this  evil  appeared  to  me  to  have  reached  a  maximum,  and  large 
parties  of  labourers  were  employed  in  the  water  in  removing  the  sand  and  gravel, 
and  clearing  an  open  channel  in  the  direction  of  the  canal  head.  It  has  been  found 
expedient  in  the  canal  works  in  the  North  West  Provinces  of  India,  to  avoid  as  much 
as  possible  any  elevation  of  sill  to  the  masonry  dams  which  cross  the  rivers  at  the 
heads  of  canals ;  these  dams  are,  in  fact,  a  line  of  sluices  with  gates  or  shutters, 
which  are  capable  of  being  entirely  laid  open  down  to  the  bed  of  the  river  during 
the  period  of  floods.  In  rapidly  rising  rivers,  like  those  in  India,  the  method  which 
has  been  adopted  by  our  engineers  is,  I  believe,  the  most  appropriate,  in  some 
cases,  perhaps,  it  might  be  modified  with  advantage,  where  the  head  supply  for  the 
canal  must  necessarily  be  raised  to  a  considerable  height  above  the  dam  flooring,  as 
in  the  case  of  the  Myapur  works  at  the  head  of  the  Ganges  Canal ;  but  in  such 
eases,  the  advantages  of  modification  would  be  found  in  increased  facility  of  man- 
agement during  floods,  due  to  the  diminished  area  of  sluice  surface,  rather  than  in 
any  particular  benefit  in  the  maintenance  of  supply. 

This  dam  differs  also  from  the  weirs  now  generally  constracted,  in 

regard  to  its  position  in  relation  to  the  head  sluices  of  the  canal,  which 
are,  at  Myapur,  placed  in  a  '  Regulating  Bridge/  situated,  not  on  the 
flank  revetments  immediately  adjoining  the  weir  abutment,  but  200  feet 
or  more  down  the  canal  channel.  This  is  a  defective  arrangement,  as  the 
'  pocket '  thus  formed  between  the  regulator  and  actual  commencement 
of  the  canal  channel  is  filled  by  an  almost  still  backwater  when  the 
waters  in  flood  are  pouring  over  the  dam:  and  this  'pocket'  becomes 
shingled  up,  with  7  or  8  feet  in  depth  of  boulders  and  sand,  and  the 
supply  entering  the  canal  is  reduced  until  this  accumulation  is  cleared 
away.    The  dam  is  thus  described  by  8ir  P.  Gautley: — 

The  left  flank  of  the  dam  abuts  npon  an  island,  in  which  nearly  one-half  of  its 
full  width  was  ezcaTated.    The  iahud  at  the  point  of  contact,  althongh  tenninatiog 
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At  a  short  distance  below  the  work,  is  composed  of  compact  earth  and  shingle,  and 
a£Fords  a  sound  and  efficient  resting  place  for  the  flank  walls.  The  ri^ht  flank  falls 
within  the  precincts  of  the  branch,  as  it  existed  at  the  period  when  the  works  were 
lined  oat,  and  is  conseqnently  backed  bj  shingle  and  soil  excarated  from  that  portion 
of  the  month  which  lies  north  of  the  regulator. 

The  floorings  of  the  dam  and  of  the  regulating  bridge  are  laid  on  one  lerel,  and  the 
front  line  of  the  latter  is  the  sero  upon  which  the  whole  of  the  canal  excayations  are 
referable.  The  zero  point  was  fixed  by  me  on  my  original  snrvej  ;  it  was,  in  fact, 
the  bed  of  the  branch  at  that  period,  as  nearlj  as  the  calculated  bed  lerels  of  the 
canal,  between  the  head  of  the  first  set  of  falls  at  Bahadnrabad,  and  the  foot  of  the 
Gunes  Ghat,  would  admit  of. 

The  dam  itself,  which  is  517  feet  between  the  flanks,  is  pierced  in  its  centre  by  fif- 
teen openings  of  10  feet  wide  each  ;  the  sills  or  floorings  of  each  opening  being  raised 
2^  feet  from  the  zero  line.  These  floorings  are  so  constructed,  that  if  necessary, 
they  may  be  removed,  and  a  flush  waterway  be  obtained  as  low  as  zero.  The  piers 
between  the  above  openings  are  8  feet  in  height,  so  that  the  elevated  flooring  leaves 
the  depth  of  sluice-gate  equal  to  5^  feet  The  piers,  however,  are  fitted  with  grooves 
for  the  admission  of  sleeper  or  vane  planks,  to  which  I  purpose  restricting  the  appara<- 
tus  for  closing  the  sluices,  until  experience  has  been  gained  of  the  effects  of  deposits 
on  the  up-stream  side  of  the  works,  and  the  advisability,  or  not,  of  maintaining  the 
raised  sill  to  the  openings.  There  are  great  advantages  in  the  sill  being  raised,  with 
respect  to  facilitating  the  opening  and  shutting  of  the  sluices  ;  the  arrangement  also 
reduces  the  gates  to  a  moderate  height,  and  consequently  to  a  more  manageable 
dimension  for  working ;  it  admits,  moreover,  of  the  sluices  being  opened  and  closed 
in  a  much  shorter  period  of  time.  Opposed  to  these  advantages,  however,  is  the 
certain  consequence,  I  imagine,  of  deposits  arising  from  a  bar  of  masonry  raised  2} 
feet  above  the  true  lovel.  The  adoption  of  this  bar,  it  will  be  understood,  is  purely 
experimental ;  and  should  its  existence  be  found  hereafter  to  be  detrimental  to  the 
works,  it  can  be  removed. 

The  centrical  sluices  above  described  are  connected  to  the  flanks  by  overfalls,  rising 
in  gradations  of  one  foot  on  three  series ;  the  overfall  nearest  to  the  flank  being  raised 
10  feet  above  the  zero  point.  The  flank  walls  themselves  are  18f  feet  in  height,  ex« 
elusive  of  cornice  and  parapet,  which  rise  5  feet  above  them.  The  top  of  the  overfalls 
on  the  right  and  left,  as  well  as  that  of  the  piers,  is  flat ;  the  former  being  an  espla- 
nade varying  from  7  to  10  feet  in  width,  which  during  dry  weather  is  connected  by  a 
temporary  communication  formed  by  planks  thrown  across  the  sluice  openings.  This 
esplanade  is  at  each  extremity  terminated  by  a  flight  of  steps,  which  gives  access  to 
store-rooms ;  in  which,  when  the  dam  is  laid  open,  and  the  woodwork  removed,  the 
latter  is  lodged  for  security.  The  two  buildings  for  this  purpose  are  situated  on  the 
flanks ;  their  floors  are  raised  20J  feet  from  the  zero  point,  and  their  interior  dimen- 
sions are  dO  feet  in  length  by  16  feet  in  breadth. 

The  flank  revetments,  which  are  built  on  the  right  and  left  of  the  down-stream 
side  of  the  dam,  and  between  which  the  escape  water  has  to  pass,  have  been  designed 
with  an  inclination  inwards  equal  to  13  feet  on  a  length  of  80  feet. 

Its  main  object  is  to  keep  the  current  in  the  centre  and  away  from  the  sides,  and 
it  is  more  economical  in  its  construction. 

The  transverse  width  of  the  dam  platform  is  44  feet,  measuring  from  the  up-  to  the 
down-stream  face  of  the  work.    Of  this  measurement,  20  feet  11  inches  arc  given  to 
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the  tul  which  delivers  the  water  upon  the  nataralbedof  the  river,  consiBting  of  luge 
boulders  and  shingle. 

The  raised  sills,  or  floorings  of  the  openings,  above  allnded  to,  are  shown 
in  Plate  XXX.,  (Figa,  1  and  2)  as  at  this  time  existing :  being  brickwork 
elevated  sills  laid  on  the  original  boulder-masonry  floors  on  '  zero '  level. 
The  narrowness  (44  feet)  of  the  dam  platform,  contrasts  strangely  with 
the  width  of  other  weirs,  (e.  g.,  Okhla,  Bezwara,  &c.,)  but  it  must  be 
remembered  that  the  bed  of  the  Ganges  at  Myapur  consists  of  large 
and  small  boulders,  forming  a  natural  talus  below  the  weir :  and  that 
owing  to  the  backwater  of  the  other  open  channels  of  the  river,  the  bed 
of  the  Myapur  channel  below  the  weir  has  a  tendency  to  rise  instead 
of  being  scoured  away.  A  new  weir  across  the  whole  river,  2  or  8  miles 
above  the  Myapur  dam,  is  now  under  construction ;  whidi  will  thorough- 
ly modify  the  existing  arrangements  of  headworks* 

3.  Narora  Weir,  Lower  Ganges  GanaL— This  is  the  most  recent 
of  the  large  and  important  weirs  lately  built,  and  from  the  volume  of  the 
floods,  the  sandy  nature  of  the  river  bed,  and  the  absence  of  material  on 
the  site  suitable  for  a  weir  of  this  description,  the  difficulties  to  be  contend- 
ed with  have  been  very  greftt.  The  dam  proper  is  a  solid  wall  of  brick 
masonry  3,700  feet  in  length :  the  floor  below  it  is  of  concrete,  (3  feet,) 
covered  over  with  brickwork,  (1  foot,)  and  then  with  one  foot  of  sandatone 
ashlar  t  and  the  talus  below  is  formed  of  very  large  masses  of  block  kan- 
kar  brought  from  quarries  at  30  miles  distance.  The  up-stream  side  of 
the  dam  is  backed  with  clay  puddle,  pitched  on  its  outer  slope  with  an  apron 
of  block  kankar. 

The  length  of  the  weir  was  settled  by  Major  Jeffreys,  R.E.,  as  4,000  feet, 
on  the  following  data :  an  afflux  (h)  of  1^  feet,  when  the  river  is  at  its 
highest,  was  accepted  as  perfectly  safe :  a  maximum  flood  level  6  feet 
(a  --  b)  above  sill  of  weir :  a  maximum  flood  volume  (Q),  over  the  weir,  of 
2,00,000  cubic  feet :  a  surface  velocity  (w)  of  approach  of  6  feet :  these 
figures  applied  in  D*Aubuisson's  formula, 

Q  =  8-49  Ih  Va  +  -035  fP*  +  4-97  (a  —  b)  VA  +  "02  w*, 

.^--r^-- -^^ ^^^®  *^®  ^^^^  of  ^  =  length  of  weir 

j  Normal  FloudLsml   8,766  feet     GolonelBrownlowinre- 
!^  viewing  the  project  and  depreciating  a 

wm^^       ^^afmsber         proposcd  rcductiou  of  the  length  set- 
tled by  Major  JeStejB,  showed  that  a  maximum  flood  of  2,30,000  cubic  feet 
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might  not  unreasonably  be  expected,  and  that  taking  into  consideration 
the  circnmetances  of  the  site,  the  light  and  friable  nature  of  the  soil  of 
the  khadir,  and  the  lowness  of  the  ridge  which  interrenes. between  the  pre- 
sent channel  of  the  rif  er  and  the  broad  parallel  trough  of  the  Mahewah 
Talley,  it  would  be  very  dangerous  to  contract  the  weir  and  raise  flood  lerels. 
The  necessity  for  well  foundations,  especially  for  a  strong  line  of  deep 
blocks  along  the  lower  end  of  the  stone  floor,  and  also  for  staunching  all 
leakage  by  a  puddle  of  clay  above  the  drop-wall — ^with  a  yiew  of  holding 
up  all  the  water  possible,  and  thus  losing  none  of  the  supply  when  the 
river  is  at  its  lowest— of  stopping  all  flow  under  the  floor  to  the  risk  of 
undermining  and  destroying  it-*and  also  of  resisting  retrogressive  action 
below  the  weir, — was  strongly  urged  in  Colonel  Brownlow*s  review  of  the 
project,  as  will  be  seen  from  the  following  extract.  [The  remarks  on  these 
points  in  regard  to  the  Goleroon  and  Godavery  anicuts  (vide  pages  250 
and  256)  should  be  compared  with  those  in  this  extract.] 

My  reasons  are,  first,  that  all  our  experience  in  Upper  India  shows  that  where  velocity 
of  a  stream  is  largely  angmented  by  the  constmction  of  a  barrier  across  it,  permanent 
deepening  of  the  channel  below  invariably  takes  place  ;  and  secondly,  that  leakage 
will  occur  throDgh  the  sandy  bed  ondemeath  a  dam  with  shallow  foandadons. 

Deepening  of  the  bed  has  taken  place  on  all  the  torrents  across  which  weirs  have 
been  thrown  on  the  Eastern  Jnmna  Canal,  and  it  is  now  occorring  at  Okhla.  It 
occnrred  below  the  Dhananri  dam  on  the  Ganges  Oanal,  mitil  the  obstraction  caused 
by  the  dam  was  reduced,  so  that  the  normal  velocity  of  the  torrent  was  nearly  restor- 
ed, when  the  channel  below  partially  silted  up  again. 

This  fact  alone  is  a  very  strong  argument  against  the  proposed  reduction  of  length  of 

weir,  but  as  our  weir  at  Narora  will  in  any  case  greatly  accelerate  the  mean  velocify 

of  the  floods,  we  must  be  prepared  both  for  retrogression  of  levels,  and  the  formation  of 

very  deep  holes  immediately  below  the  talus  of  heavy  material.  Those  at  the  tail  of  the 

Okhla  weir  after  the  floods  of  last  season,  were  from  19  to  20  feet  deep  ;  but  whereas 

at  Okhla  the  materials  for  filling  them  up,  and  thus  resisting  further  retrogression, 

are  readily  available,  we  shall  at  Narora  have  nothing  but  a  scanty  supply  of  block 

kankar  brought  from  long  distances,  or  blocks  of  bdton  manufactured  at  considerable 

expense. 
In  the  latter  case,  a  strong  line  of  deep  blocks,  supported  by  the  rains  of  the  talus, 

would  stoutly  resist  any  retrogressive  action,  whilst  the  materials  for  repair  were  being 
collected  and  prepared  ;  while  the  work  on  shallow  foundations  would  run  the  great- 
est risk  of  being  undermined  and  destroyed. 

Ic  is  stated  that  the  leakage,  prevented  by  deep  well  foundations,  is  more  ima- 
ginary than  real,  because  long  before  the  volume  entering  the  canal  is  likely  to  be 
utilised,  the  bed  of  the  river  will  have  become  silted  up  nearly  to  the  crest  of  the  dam 
and  the  upper  layers  of  silt  will  Lave  become  more  or  less  clayey,  because  leakage  takes 
place  through  the  banks  as  well  through  the  bed,  and  finally  because  little  or  no  leakage 
has  been  detected  through  the  Okhla  weir  which  has  shallow  foundations. 

I  cannot  admit  that  the  upper  layers  of  silt  deposited  in  the  bed  of  the  river  above 
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they  are  deposited  by  falliog  floods,  and  are  swept  out  again  by  the  foil  cmrrent  of  the 
next  succeeding  high  flood.  The  scour  which  takes  place  immediately  ahooe  any  marked 
contraction  of  a  stream  is  a  matter  of  common  experience,  and  is  ea&ily  explained  by 
the  great  relatlye  increase  in  the  bottom  velocity  resalting  from  the  contraction. 

The  banks,  on  the  contraiy,  will  become  permanent  if  the  flanks  of  the  weir  are 
not  turned,  and  they  may  ultimately  become  staunched  by  the  clay  brought  down  by 
the  flood  water.  Besides  the  effect  of  the  pressure  of  tilie  water  on  the  banks  is  not 
worth  mentioning,  when  compared  to  that  on  the  sand  underlying  the  weir.  I  think, 
therefore,  that  any  consideration  of  the  leakage  through  the  banks  may  safely  be 
neglected.  But  eren  if  it  could  not  be,  I  do  not  see  why  we  should  not  try  and  stop 
the  leakage  through  the  bed,  because  the  banks  are  supposed  likely  to  leak  also. 

The  latter  argument  applies  equally  to  the  objection  commonly  urged  against  deep 
block  foundations,  viz.,  that  a  line  of  them  cannot  be  made  perfectly  water-tight  It 
is  surely  better  to  block  up  ^j^ths  of  the  area  through  which  leakage  can  occur,  thuo 
to  leave  it  all  open  because  a  perfectly  water-tight  partition  cannot  be  made. 

It  may  certainly  be  said  that  the  Okhla  weir  does  not  leak  very  much  just  now,  bat 
it  ought  to  be  added  that  it  has  never  been  fairly  tried,  as  the  undersluices  are  ke)>t 
constantly  open.  There  are  springs  visible  at  the  tail  of  the  weir  now  with  only  fire 
feet  head  of  pressure,  which  may  become  very  troublesome  when  that  pressure  is  in- 
creased to  12  and  13  feet  for  several  months  together. 

Apart  from  any  consideration  of  the  value  in  money  of  the  water  saved  by  a  strong 
water-tight  dam,  the  strongest  necessity  is,  to  my  mind,  laid  upon  us  to  ectmomise 
every  drop  of  the  low  water  supply  in  the  river,  owing  to  its  insufficiency  for  the  re- 
quirements of  years  of  drought 

Ck>mmon  justice  to  the  cultivating  community,  dependent  on  the  canal,  seems  to  me 
to  dictate  the  adoption  of  every  reasonable  precaution  for  rendering  the  whole  of  the 
short  supply  available  for  purposes  of  irrigation. 

I  have  placed  the  deep  line  of  blocks  at  the  tail  of  the  cut-stone  apron,  because  I 
think  that  the  latter,  if  built  at  the  proper  levels  and  of  a  proper  eeeiurn^  will  perfectly 
protect  the  blocks  from  any  fear  of  action  on  the  up-stream  side,  and  that  the  real 
danger  to  be  guarded  against  is  the  cutting  back  and  permanent  deepening  of  the 
bed  of  the  river  below  the  weir.  I  have  allowed  only  shallow  foundations  for  the 
drop  wall,  because  I  consider  the  line  of  blocks  underneath  it  sufficiently  protected 
by  tiie  cut-fltone  apron  and  deep  foundations  on  the  down-stream,  and  by  the  mass  of 
heavy  material  on  the  up-stream  side.  The  velocity  of  the  current  above  the  weir 
although  amply  sufficient  to  sweep  away  the  loose  sand  of  the  bed,  has  been  proved 
by  the  experience  at  Okhla,  insufficient  to  move  the  heavy  material  of  the  apron. 

To  hold  the  tains  together,  it  in  traversed  from  end  to  end  by  solid 
concrete  walls  at  intervals  of  30  feet  and  40  feet  as  shown  in  JPig.  3  of 
Plate  XXX.  This  plan  was  fonnd  to  be  necessary  at  Okhla,  where  the 
third  wall  of  4  feet  square  section  (vide  Fig,  6)  was  adopted,  as  necessary, 
(to  check  movement  in  the  blocks  of  the  upper  part  of  the  talus,)  although 
it  formed  no  part  of  the  original  design. 

The  level  of  the  cnt-stone  floor  of  the  weir  (as  also  of  the  floor  of  the 
weir  sluices)  is  3  feet  below  low  water  level :  and  as  the  floor  is  5  feet  thick; 
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the  laying  of  it  enUiled  excaration  to  a  depth  of  8  feet  below  low  water. 
To  effect  this,  the  npper  row  of  blocks  and  lower  row  of  wells  were  sank  to 
full  depth :  and  hearted  with  concrete.  (This  was  done  by  filling  the 
hole  below  curb,  and  the  lower  one  or  two  feet  of  the  block  or  well  by 
hydranlic  cement  let  down  in  skips  ;  when  this  had  set,  it  formed  a  water- 
tight ping,  and  enabled  the  well  or  block  to  be  pnmped  dry.  The  concrete 
core  of  the  well  or  block  was  then  pat  down  in  layers,  and  rammed  in  the 
ordinary  manner).  The  interval  between  each  pair  of  contignoos  wells 
and  blocks  was  closed  by  wooden  piles,  and  the  interral,  included  between 
piles  and  well,  cleared  of  sand  and  filled  with  concrete.  Olay  paddle  was 
also  packed  above  the  upper  row  of  blocks.  The  space  33  feet  in  width 
intervening  between  the  upper  row  of  blocks  and  lower  line  of  wells  was 
then  divided  into  compartments  of  about  40  feet  in  length  by  cross  lines  of 
shallow  blocks,  sunk,  hearted  and  connected  as  above  described.  Thus 
large  'cofferdams'  were  formed,  which  were  excavated  to  a  depth  of  8  feet 
below  low  water  level,  and  the  water  pumped  out  by  Oywnne's  pumps  ; 
80  as  to  allow  of  a  8  feet  thick' concrete  floor  being  laid.  On  this  a  layer 
of  brickwork  1  foot  thick  was  added ;  and  this  in  its  turn  was  covered 
by  an  ashlar  floor  of  cut  sandstone  blocks. 

The  weir  sluices,  42  vents  of  7  feet,  are  at  the  extreme  right  abutment 
end  of  the  weir,  so  as  to  keep  a  clear  channel  open  along  the  front  of  the  im- 
mediately adjoining  head  sluices  of  the  canal,  whose  floor  is  3  feet  above 
that  of  the  weir  sluices,  and  this  allows  the  three  lowest  feet  of  silt  laden 
water  to  pass  by  without  entering  the  canal.  The  site  of  the  weir  stands  7 
feet  above  low  water  level,  which  is  the  level  of  floor  of  head  sluices,  thus 
allowing  7  feet  depth  of  water  to  pass  down  the  canal.  To  obtain  the  extra 
3  feet  of  depth,  which  may  hereafter  be  necessary  for  l;Aari/' supply,  some 
arrangement  of  tumbler,  or  movable  shutters,  along  the  crest  sill  of  the 
weir  will  have  to  be  provided. 

It  must  be  noticed  that  this  weir  is  not  yet  (April  1877)  completed,  and 
the  section  shown  in  Fig,  3  is  as  proposed  and  under  construction :  the 
amount  of  materiiff  in  the  talus  may  hereafter  assume  a  form  more  re- 
sembling that  shown  in  Fig.  6. 

{Fig.  6,  of  Plate  XXXII.  of  this  volume,  shows  the  position  of  the  weir 
and  of  the  river  for  4  miles  above,  with  embankments  and  training  works). 

4y  5, 6.  Okhla  Weir,  Agra  Canal.— This  is  a  remarkable  work,  in 
which  the  engineers  of  Northern  India  have  exceeded  the  Madras  engineers 
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in  the  shallowness  of  foundations,  in  which  the  so-called  <  Madras  system  ^ 
was  supposed  to  differ  widely  from  the  practice  of  other  parts  of  India. 
In  this  case  foundations  may  be  said  to  be  entirely  dispensed   with. 
The  lowest  cold  water  level  (649  feet  above  Enrrachee  mean  sea  level) 
was  adopted  as  the  datum,  and  a  trench  was   made  for  2,438  feet 
across  the  dry  sandy  bed  of  the  Jumna,  8  miles  below  Delhi,  at  this  level : 
and  in  this  trench  was  built  in  the  winter  of  1869-70,  a  wall  4  feet  thick 
and  5  feet  high  of  quartzite  rubble  masonry,  laid  in  lime  cement :  a  slop- 
ing apron  of  dry  quartzite  rubble  extended  5  feet  above  this  wall,  and  a 
sloping  talus  of  similar  material  was  laid  for  100  feet  below  it :  the  floods 
of  1870  were  allowed  to  pass  over  this  weir,  and  left  it  unharmed.     Dar- 
ing the  next  winter,  the  wall  was  raised  to  its  full  height  of  9  feet,  and 
the  talus  was  lengthened  to  180  feet.    The  floods  of  1871  overtopped  the 
weir  by  5|  feet,  more  than  1,00,000  cubic  feet  per  second  sweeping  over 
it,  while  40,000  cubic  feet  broke  over  the  left  shore  embankment  and  in- 
undated a  large  tract  of  country.     The  greatest  velocity  was  18*6  feet  per 
second,  and  was  found  to  be  at  42  feet  below  the  crest.     Stone  was  worked 
out  of  the  talus,  and  deep  holes  20  feet  deep  were  scoured  out  on  the 
down-stream  edge.    During  the  next  winter,  1871-72,  the  embankments 
were  heightened  and  strengthened :  a  million  cubic  feet  of  stone  were  ex- 
pended in  filling  up  the  holes  below  the  talus.     In  1872-73,  a  second  wall 
—the  true  crest  wall  of  the  weir,  parallel  to,  and  30  feet  above  the  one 
first  built, — ^was raised  to  a  height  of  9  feet:  the  interval  between  the 
two  walls  being  filled  with  dry  rubble.     A  third  wall,  4  feet  thick  and  4 
feet  deep,  was  inserted  in  the  talus,  40  feet  below  the  lower  wall :  this  Las 
quite  stopped  all  movement  in  the  upper  part  of  the  talus :  this  wall  is  at 
the  line  of  maximum  velocity  in  floods.    In  March  1874  the  canal  was 
opened :  but  {he  upper  one  foot  of  the  crest  wall,  forming  the  sandstone 
ashlar  crest  sill,  is  only  now  (in  April  1877)  being  laid.     The  total  quan- 
tity of  stone  in  the  weir  is  46,60,000,cubic  feet.     The  stone  is  the  quart- 
zite of  the  '  Ridge '  of  Delhi,  and  of  similar  out-cropping  ridges  in  the 
country  around.    The  right  flank  of  the   Okhla  weir  abuts  on   to  a 
ridge  of  this  rock,  which  has  furnished  an  inexhaustible  supply  of  material 
on  the  spot.     The  stone  contains  a  large  proportion  of  quartz,  a  little 
felspar,  and  protoxide  of  iron.     It  is  very  durable  and  excessively  hard, 
rendering  it  unsuitable  (owing  to  the  labour  and  expense)  for  finely  dressed 
ashlar  work.    The  river  bed  has  silted  up  to  the    crest  level ;  but  at 
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the  canal  head  a  clear  channel  is  kept  open  by  the  scouring  action  of  the 
weir  slnices  placed  at  the  right  end  of  the  weir :  similarly  situated  to 
those  of  the  Narora  Weir  as  aboye  described. 

7.  Dehree  Anient,  Soane  Canals.— This  i&a  solid  weir  composed 
mainly  of  dry  rubble,  similar  in  form  to  the  Okhla  weir  above  described, 
but  differing  from  that  structure  in  haying  foundations  to  its  three  parallel 
masonry  walls,  which  trayerse  the  mass  of  dry  rubble  from  end  to  end, 
and  keep  this  mass  together. 

The  discharge  of  the  riyer  has  been  ascertained  to  be,  at  the  weir  site, 
10,26,172  cubic  feet*  per  second,  the  mean  depth  at  highest  flood  being 
11*64  feet,  and  the  breadth  between  the  banks  12,400  feet.  The  anient  is 
8  feet  high,  and  its  length  between  abutments  is  12,550  feet,  or  2*85 
miles.  The  depth  of  water  oyer  the  weir  in  highest  floods  will  be  6^  feet, 
with  an  afflux  of  1^  feet. 

As  two  canals  are  taken  off  aboye  this  weir,  one  from  each  bank  of  the 
riyer,  there  are  two  sets  of  end  weir  sluices,  one  at  each  extremity  of  the 
weir.  There  is  also  a  central  set  of  weir  sluices  to  provide  a  greater 
control  oyer  the  regimen  of  the  riyer.  An  ample  supply  of  good  stone, 
both  for  rubble  and  ashlar,  is  obtainable  from  quarries  about  5  miles  dis- 
tant. The  Soane  differs  from  the  Himalayan  riyers  generally  in  being 
confined  within  a  permanent  channel,  so  that  no  flank  defences  of  any 
importance  are  necessary. 

The  three  parallel  walls  of  the  dam  are  founded  on  shallow  hollow  blocks, 
sunk  with  the  aid  of  Fouracres'  excayators.  These  blocks  haye  thin  walls ; 
for  blocks  of  6  feet  interior  width,  a  single  brick  thick  was  found  sufficient, 
while  for  14  feet  blocks,  the  walls  were  built  from  1|  or  2  bricks  thick. 
When  bamboo  curbs  were  used  iron  stirrups  were  necessary,  but  such  pre- 
cautions were  not  required  when  rigid  curbs  of  woods  were  employed. 
In  the  woridng  season  of  1872,  fiye  continuous  miles  of  blocks  were  com- 
pleted, at  a  cost  of  Bs.  12-8  per  100  cubic  feet,  of  outside  measurement. 

8.  Boopnr  Weir,  Sirhind  OanaL — ^This  is  a  solid  unbroken  weir 
across  the  SuUej,  where  it  emerges  from  the  low  outlying  range  of  hills  be- 
low the  Himalayas.  The  crest  of  the  weir  proper  is  2,400  feet  in  length, 
with  weir  slnices  at  the  left  extremity  contiguous  to  the  Oanal  head.  These 
weir  sluices  consist  of  12-feetyents  of  20-feet  width  each.  The  crest  sill 
of  the  weir  is  6  feet  aboye  cold  weather  water  leyel ;  8  feet  aboye  weir  sluice 
floor :  8j^  feet  below  the  highest  obsenred  flood  leyel.    It  is  anticipated 
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(for  the  weir  is  only  now  under  construction)  that  the  water  will  be  headed 
up  about  2^  feet  above  present  highest  flood  level,  when  2,00,000  cubic 
feet  are  passing  over  the  weir.  The  upper  and  lower  walls  are  built  of 
rubble  in  mortar.  The  stone  used  for  this  weir  is  a  sandstone,  quarried 
at  Nalagarh,  distant  about  15  miles  from  the  weir,  on  the  lowest  outer 
spurs  of  the  Himalayas  proper. 

9.  Tajawala  Weir,  Jumna  Canals.— The  Tajawala  Weir  forms 
the  headworks  of  the  Eastern  and  Western  Jamna  Canals,  which  toge* 
ther  irrigate  over  5,00,000  acres  of  land  per  annum. 

The  site  selected  is  about  a  mile  below  the  foot  of  the  Sewalik  hills. 
The  river  bed  is  here  deep,  and  defined,  about  half  a  mile  wide.  The  bed 
is  all  boulders  of  various  sizes,  the  slope  about  20  feet  in  the  mile,  and 
the  flood  discharge  3,30,000  cubic  feet,  with  maximum  velocity  of  19 
feet  a  second,  and  depth  in  centre  of  18  feet.  The  waves  are  probably 
2^  feet  above  ordinary  surface.  The  river  moves  the  boulders '  with 
great  violence  and  noise,  and  is  a  magnificent  sight  in  flood. 

The  dam  starts  from  the  left  bank,  where  the  Eastern  Jamna  Canal 
head  and  sluices  are  situate,  and  slopes  down  and  across  the  stream,  a 
length  of  1,735  feet,  to  the  nose  of  an  island — thus  forcing  the  stream 
across  to  pass  between  this  island  and  the  right  bank.  This  channel  is 
480  feet  wide,  and  is  entirely  closed  at  right  angles  by  the  Western  Jamna 
Canal  sluices,  which  start  from  a  point  1,000  feet  below  the  end  of  the 
weir  at  the  nose  of  the  island.  The  Western  Jamna  Canal  head  is  of 
course  immediately  above  the  sluices  on  the  right  bank. 

The  Eastern  Jamna  Canal  supply  is  1,600  feet  in  rabi  and  2,000 
in  kharff,  provided  for  by  a  head  of  16  openings,  6  feet  wide,  6  feet 
deep. 

The  Western  Jamna  Canal  supply  of  8,200  and  5,000  cubic  feet^  has 
35  similar  openings. 

The  sluices  are  laid  4  feet  below  the  head  sills,  t. «.,  10  feet  below  crest 
of  weir  in  either  case.  For  the  Eastern  Jamna  Canal  there  are  7  open- 
ings of  20  feet.  In  the  Western  Jamna  Canal,  10  of  20  feet.  The  rest 
of  the  480  feet  being  buOt  up  solid  to  height  of  weir. 

The  body  of  the  dam  is  as  given  in  section — a  floor  50  feet  broad  and  4  feet 
thick,  slope  1  in  10 — up-stream  curtain  laid  3  feet  under,  and  3  feet  above 
bed,  (now  silted  up  level  with  crest)— -down-stream  curtain  10  feet  deep— 
and  a  smaller  central  wall.    The  face  of  floor  is  of  large  boulders  set  on 


RBCTI0N9   OF    INDIAN   WRIR8.  24^ 

end.     The  crest  is  dressed  ashlar.     A  tail  of  crihwork,  30  feet  broad  has 
been  added  for  a  length  of  330  feet,  where  the  rirer  bed  seemed  unstable. 

The  whole  work  is  boulder  masonry.  Boulders,  and  lime  from  lime- 
stone boulders,  from  the  river  bed  near  site.  The  clay  for  stirki  was  found 
half  a  mile  off.  •  The  mass  of  the  work  is  built  in  random  course.  Piers, 
parapet,  arch  faces,  <&c.,  of  dressed  boulders. 

The  nose  of  the  island  is  protected  by  a  fine  revetment  wall  faced 
with  split  boulder  masonry,  founded  14  feet  below  weir  crest  The 
1 ,000  feet  of  the  edge  of  the  island  from  this  to  the  Western  Jamna 
Canal  sluices  is  sloped  back,  and  faced  with  large  boulders  on  end,  with 
a  toe  or  apron  pitching  4  feet  deep. 

To  prevent  spill  and  close  old  canal  heads,  protective  embankments 
run  up  1,000  feet  on  the  right,  and  5,000  feet  on  left  to  foot  of  the  hills. 
These  are  of  earth  faced  with  boulders. 

Orders  to  commence  work  were  received  in  December  1872,  and  it  was 
practically  finished  by  March  1877.  The  highest  recorded  flood  over  the 
crest  of  dam  as  yet  has  been  4  feet,  and  passed  off  doing  no  damage. 

10.  StreeTignntum  Anient  over  Tambrapoomey. — All  the  werrs 
above  described  have  been,  or  are  being,  built  in  the  Northern,  or  so-called 
Bengal,  Presidency  of  India:  those  now  to  be  described  are  Madras 
'  anicuts.'  The  8treeviguntnm  Anient  shown  in  section  in  Fig,  10  of 
Plate  XXX.,  is  of  the  same  type  as  the  Narora  Weir,  (though  on  a 
smaller  scale,)  having  a  drop  wall  with  perpendicular  fall,  on  to  a  cut 
stone  floor,  below  which  extends  a  dry  stone  talus. 

The  Tambrapoorney,  which  rises  in  the  Western  Ghats  bordering  Tra- 
▼ancore  and  the  Tinnevelly  District,  and  flowing  eastward,  falls  into  the 
sea  a  few  miles  south  of  Tuticorin,  drains  a  large  tract  of  hilly  and  wooded 
oonntry  which  is  under  the  influence  of  both  monsoons,  and  therefore,  pos- 
sesses not  only  an  abundant,  but  a  never  failing,  supply  of  water.  This 
makes  the  Tambrapoomey  for  its  size  one  of  the  most  yaluable  sources  of 
irrigation  in  the  Madras  Presidency,  and  its  waters  are  consequently  very 
extensively  utilized  by  a  series  of  seven  Anicuts,  which,  thrown  across  the 
stream  in  ancient  times,  fertilize,  from  side  channels,  a  considerable  breadth 
of  land  on  either  bank. 

The  last  of  these  anicuts  is  at  Murdoor,  about  twelve  miles  above  the 
site  at  Btreeviguntnm  that  was  selected  for  the  new  work,  (of  which  sec- 
tion is  given  in  fig,  10,)  which  has  for  its  object  the  interception  of  the 
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large  quantity  of  water  that  finds  its  way  by  percolation,  eren  in  the 
driest  weather,  either  through  or  under  the  yarions  anicuts,  or  is  retomed 
to  the  stream  as  surplus  from  the  channels  on  either  bank,  and  which,  to- 
gether with  the  large  Tolume  of  water  brought  down  by  the  freshes, 
would  escape  to  waste. 

The  Anieut  is  1,380  feet  in  length  between  the  wing -walls,  raised  6  feet 
abore  the  average  level  of  the  deep  bed  of  the  river,  and  the  width  at  the 
crown  7^  feet ;  there  is  a  front  slope  of  |  to  1,  and  in  rear  a  perpendicu- 
lar fall  on  to  a  cut-stone  apron  24  feet  wide,  and  4^  feet  in  depth :  beyond 
there  is  a  rough  stone  talus  of  the  same  depth,  and  86  feet  in  width, 
protected  by  a  retaining  wall.  The  foundation  of  the  body  of  the  work, 
and  of  the  cut-stone  floor  in  rear,  is  of  brick-in-lime,  laid  on  wells  sunk 
10^  feet  in  the  sand,  and  raised  4^  feet  above  the  wells,  including  the 
cut-stone  covering;  the  retaining  wall,  is  built  of  stone-in-lime,  and 
rests  on  a  line  of  wells,  sunk  to  the  same  depth,  10|  feet.  The  body 
of  the  anient  is  of  brick-in-lime,  faced  throughout  with  cntHBtone,  and 
furnished  with  a  set  of  nnder-sluices  at  each  extremity  of  the  work  to  let 
off  sand  and  surplus  water.  Each  set  of  sluices  consist  of  nine  vents  of  4 
feet  width  each,  lined  with  cut-stone ;  it  was  originally  intended  to  have 
three  more  similar  sets  of  sluices  at  equal  distances  throughout  the  length 
of  the  work,  but,  with  the  exception  of  the  Kistna  anient,  it  was  considered 
preferable  to  dispense  with  the  intermediate  sets  of  sluices. 

IL  Upper  Anient  over  the  Ooleroon.*- The  Coleroon  anicnts  to 
control  the  waters  of  this  river  and  divert  a  portion  into  the  Cauvery  for  the 
irrigation  of  Tanjore,  were  projected  by  General  Sir  A.  (then  Captain)  Cot- 
ton, in  1884,  and  were  completed  in  1886.  He  was  compelled  to  study  eco- 
nomy, to  use  the  cheapest  materials,  and  to  confine  the  dimensions  of 
the  works  to  the  smallest  scale  compatible  with  stability.  The  section  in 
Fig.  11  of  Plate  XXX.  shows  the  upper  anient,  not  exactly  as  originally 
built,  but  according  to  the  alterations  suggested  in  1889  by  Colonel  D. 
Sim  of  the  Engineers,  after  the  anient  had  been  breached.  The  follow- 
ing is  an  extract  from  his  report,  showing  the  risk  incurred  from  the 
pressure  of  a  head  of  water  when  the  foundations  of  the  drop  wall  are 
not  BO  constructed  as  to  stop  all  leakage,  and  the  floors  so  short  as  to 
allow  the  water  to  be  forced  up  through  the  talus  beyond  it. 

The  two  Anicnts  were  begun  and  both  completed  in  the  early  part  of  1886.    The 
upper  one  crosses  the  Oolenxm  sbout  a  hundred  yards  below  its  separation  from  the 
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CauiTery,  and  is  750  yards  in  lengfth,  being  dirided  into  three  portions  of  nneqnal 
length,  bj  two  small  islands  or  banks  of  sand  in  the  bed  of  the  river.  The  height  yaries 
from  5  feet  4  inches  to  7  feet,  and  is  6  feet  thick,  with  a  foundation  of  8  feet  resting  on 
wells  6  feet  in  depth.  It  is  protected  in  rear  by  a  substantial  apron  21  feet  broad,  covered 
with  cnt-stone  in  chanam.  The  northern  division  has  an  nnder  slnice  of  six  vents 
near  its  middle,  the  centre  portion  one  slnice  of  fonr  rents,  and  two  of  two  vents  each, 
and  the  sooth  part  three  slaioes  of  two  yents.  These  sluices  are  for  the  purpose  of 
allowing  the  sand  to  pass  through  the  anient  in  high  freshes,  and  prevent  its  accumu- 
lation aboye  the  work.  This  anient  was  completed  about  the  end  of  the  month  of 
April,  and  was  breached  in  the  following  June  during  one  of  the  freshes,  about  80 
yards  of  the  northern  division  having  been  entirely  destroyed.  Some  attribute  the 
failure  to  the  anient  having  been  undermined  by  the  water  being  forced  through 
its  foundation  by  the  heavy  pressure  during  high  freshes,  and  washing  from  under  it 
the  sand  on  which  it  rested. 

The  water  it  is  evident  was  forced  nnder  the  foundations,  for  it  was  observed 
bubbling  up  in  many  places  through  the  apron  below  the  anicnts,  whenever  there 
were  5  or  6  feet  of  water  standing  above  them,  and  if  it  passed  in  conmderable 
quantities,  which  there  is  reason  to  believe  it  did,  it  would  be  very  liable  to  wash 
away  the  sand  by  degrees,  and  leave  the  work  without  support. 

During  the  last  two  years,  both  anicnts  have  been  materially  strengthened  by 
substantial  aprons  of  cnt-stone  in  chanam  being  constructed  behind  them,  to  break  the 
overfall  of  the  water,  which  have  been  executed  in  a  very  efficient  manner  ;  since  these 
additions,  the  passage  of  the  water  underneath  the  foundations  would  seem  to  be  con- 
siderably diminished,  for  it  now  sponte  through  the  apron  in  only  a  few  spaces  and  in 
small  quantities,  but  I  am  not  inclined  to  attribute  this  improvement  so  much  to  the 
aprons  as  to  the  large  quantity  of  fine  clay  and  mud  which  has  collected  in  front  of 
the  anicnte,  and  prevento  the  water  being  forced  underneath  them. 

The  first  and  most  important  object  is  to  secure  the  foundations  against  the  risk  of 
being  undermined  by  the  water  being  forced  through  them.  This  cannot  be  efficiently 
accomplished  without  considerable  expense  and  labour.  In  Enrope  it  would  be  done 
by  a  line  of  sheet  piling  being  driven- at  6  or  8  feet  in  front  of  the  anient,  and 
parallel  with  it  across  the  head  of  the  river,  the  intervening  space,  after  the  sand  is 
removed,  being  filled  up  with  clay  worked  and  pressed  firmly  into  it,  technically  termed 
puddling.  This  forms  a  barrier  impermeable  by  water,  and  effectually  protects  the 
foundations.  In  this  country  a  row  of  wells  may  be  substituted  for  the  sheet  piling, 
but  the  interior  of  the  wells  and  the  interstices  between  them,  must  be  carefully  pud- 
dled to  a  sufficient  depth,  in  order  to  obtain  the  impermeable  screen,  for  it  is  the  pud- 
dled clay  which  obstructo  the  passage  of  the  water.  Above  the  wells  I  would  recom- 
mend an  addition  in  front  of  the  anicut  of  the  dimensions  and  form  in  the  skcteh, 
to  strengthen  the  work  and  fadlitoto  the  passage  of  the  river  over  it  in  high  fioods. 
The  front  of  the  anicut  is  made  of  a  curved  shape,  as  that  form  diminishes  the  pres- 
sure of  the  current  upon  it,  accelerates  the  passage  of  the  water  over  the  anient, 
and  thereby  decreases  the  rise  of  the  river  in  inundations,  and  by  the  change  produced 
in  the  direction  of  the  current,  prevente  in  some  degree  the  great  collection  of  mud 
which  takes  place  before  perpendicular  walls. 

12,    Bezwara  Anlciit^  Kistna  River.— The  idea  of  constrncting  a 
dam  across  the  river  Ristna  to  irrigate  portions  of  the  MasuHpatam  and 

VOL.  VI. — SECOND  BEIUES.  2  L 


252  BBCTIONB   or    INDIAN   WKIR8. 

Oontoor  DiBtriots  in  the  Madras  Presidency,  was  entertained  as  far  back 
as  the  year  1792  by  Major  Beatson:  hut  it  was  not  until  1847  that  Captain 
Atwell  Lake  submitted  a  definite  project  for  the  work,  and  selected 
Bezwara  as  the  site  for  the  weir,  where  the  ri?er  narrows  to  about  1 ,000 
yards,  and  where  there  are  two  large  hills  one  on  either  side  close  to  the 
rirer's  bank,  furnishing  an  inexhaustible  supply  of  material.  The  bed  of 
the  riyer  is  of  sand.  The  opinion  given  by  Sir  A.  (then  Major)  Cotton, 
regarding  this  site  and  question  of  a  sandy  bed,  in  1848,  will  be  inter- 
esting, in  conneclion  with  the  works  constructed  within  the  last  few  years 
on  the  sandy  beds  of  the  Ganges  and  Jumna  at  Narora  and  Okbla,  res- 
pectively. 

I  consider  the  site  an  extraordinarily  favoarable  one ;  and  if,  in  addition  to  its 
other  remarkable  advantages,  it  had  the  only  other  which  might  appear  desirable, 
vis.,  that  of  a  rocky  bed,  instead  of  a  sandj  one,  it  woald  in  my  view  make  very 
little  difference,  none  at  all  as  respects  the  stability  of  the  stntctore,  and  only  per- 
haps Ra  50,000  in  the  cost 

There  is  so  deep  an  impression  in  people's  minds  respecting  a  sand  foundation 
generally,  that  it  is  most  diflScult  to  inrestigate  the  subject  pr<^>erly.  There  is 
certainly  one  defect  in  sand  as  a  fonndation,  viz.,  that  if  running  water  oomea  in 
contact  with  it,  it  will  be  swept  away  ;  bnt  this  is  the  only  one  ;  in  other  respects  it 
is  the  finest  fonu'lation  possible;  it  is  indestructible  and  incompreaaible.  Of  the 
thousands  of  works  which  1  have  seen  or  executed  on  a  foundation  of  pure  sand,  I 
never  saw  the  slightest  sign  of  a  settlement  in  any  one  of  them.  We  must  therefore 
take  care  to  remember  that  there  is  only  one  thing  to  be  guarded  against  in  building 
in  sand,  and  that  so  long  as  it  is  protected  from  the  action  of  running  water,  no  work 
resting  in  it  can  possibly  fail ;  and  the  remedy  for  this  one  defect  ia  as  plain  and 
easily  applied  in  situations  such  as  this,  as  could  be  desired  ;  it  is  simply  to  cover  the 
sand,  where  it  would  otherwise  be  exposed  to  the  action  of  the  current,  with  loose 
stone.  With  this  precaution,  where  it  can  be  used,  I  consider  sand  a  perfect  founda- 
tion, and  in  the  present  case,  loose  stones  can  be  used  in  any  quantity,  at  a  coat  that 
is  not  to  be  compared  with  the  importance  of  the  work.  The  siae  or  the  quantity  of 
the  stone  must  certainly  be  proportioned  to  the  strength  of  the  current :  if  this  ia 
great,  and  only  small  stones  can  be  obtained,  the  quantity  must  be  so  increased  as 
that  the  slope  of  their  surface  may  make  up  for  their  want  of  size.  In  rivers  like 
these,  having  a  velocity  of  four  miles  an  hoar,  at  the  utmost,  the  largest  atone  to  be 
found  in  their  beds  does  not  exceed  two  or  three  ounces  ;  and  these  often  remain  for 
years  in  the  same  place.  If  the  surface  of  the  stones  had  a  slope  of,  anppoae,  20  to  I 
they  would  require  to  be  a  pound  or  two  in  weight  to  resist  the  current  ;  with  a  higher 
velocity  and  greater  slope,  larger  stones  would  be  required  ;  bat  with  such  velocitiM 
as  we  have  to  deal  with  in  these  rivers,  unless  we  make  the  anicnta  very  high,  very 
moderate  si2ed  stones  would  be  sufficient,  even  with  a  considerable  slope  ;  while  at 
Bezwarah  any  sized  stones  can  be  used,  and  in  any  quantities,  at,  aa  1  have  said,  an 
expense  not  to  be  considered  in  a  work  of  this  importance. 
I  think  it  is  scarcely  possible  for  any  person  npon  a  little  consideration  not  to  be 
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utiafied  that»  with  Bsch  t  breadlh  of  itone  work  extended  Mow  the  aaicat,  it 
would  be  impoeaible  for  the  water  to  get  at  the  sand  on  which  .the  body  of  the  work 
rested,  so  as  to  wash  it  away.  And  it  is  equally  erident  that,  in  sncfa  a  project,  a  lakh 
of  rapees  more  or  less  in  the  cost  cannot  in  the  least  a£fect  the  qnestion. 

Anj  how,  I  ehonld  sappooe  that  it  most  be  allowed  that  it  is  simply  a  qnestion  of 
ihe  quantity  of  loose  stone,  and  nothing  more  ;  that  is,  that  with  a  certain  quantity  of 
that  material,  the  stability  of  the  work  is  aji  certain  as  it  could  be  on  any  imaginable 
kind  of  site,  and  further  that,  that  quantity  can  be  obtained  at  a  comparatively 
insignificant  cost 

My  own  opinion  is,  that  the  quantity  allowed  by  Captain  Lake  will  be  fonnd  ample : 
I  should  not  be  at  the  trouble  and  expense  of  filling  up  any  hollows  in  the  bed  with 
stone,  but  would  first  bring  it  sll  to  a  uniform  level  with  sand,  and  then  throw  the 
loose  stone  in  an  equal  thickness  all  over  the  bed.  For  the  sand  is  continually  chang- 
ing about,  and  where  the  hollow  now  is,  in  a  year  or  two  there  will  be  a  high  bank  of 
aand,  and  on  that  the  anient  would  be  built  I  should,  therefore,  level  the  bed  with 
sand  to  near  the  summer  level  of  the  water,  and  then  throw  the  mass  of  stone  across, 
making  it  of  course  of  a  uniform  height  the  first  year,  however  low  it  might  be. 

The  aection  of  the  weir  is  not  exactly  similar  in  all  portions,  but  that 
fiSiown  in  Fig,  12  is  a  fair  average  type.  The  following  is  an  extract 
from  the  specification  as  prepared  in  1849  :  from  which,  however,  some 
derhktions,  as  noted  below,  were  made  daring  the  execution  of  the  work. 

The  riyer  at  the  proposed  site  is  8,860  feet  across,  on  the  crest  of  the  anient 

Of  this  distance,  the  anient  will  occupy  2,950  feet,  the  bridge  abutments  and  piers 
510  feet,  and  the  sluices,  including  wing- walls,  860  feet 

The  foundation  of  the  anient  will  vary  with  the  character  of  the  river  section. 
Where  tiM  bed  is  deep,  it  will  be  filled  up  to  the  level  of  the  summer  water  with  rough 
stone,  and  where  it  is  high,  wells  will  be  sunk  in  the  front  and  rear  of  the  work,  as  far 
as  practicable,  below  the  same  level. 

Upon  these  foundations  the  body  of  the  anient  will  be  raised  alike  throughout, 
samely,  with  a  front  wall  nearly  perpendicular,  and  a  rear  curved  slope,  both  of  rubUe 
masonry ;  the  space  between  being  filled  with  rough  stone,  and  the  crest  covered  in 
with  rubble  masonry,  to  be  eventually,  with  the  rear  slope,  capped  with  cut  stone. 

The  height  of  the  anient  above  the  summer  level  will  be  16  feet,  the  breadth  oC 
the  crest  12  feet,  and  that  of  the  slope  (horizontally)  48  feet 

There  will  be  an  apron  in  rear  of  the  anient  of  90  feet  in  breadth,  and  6  to  8  feet 
average  depth. 

The  anient  sluices  it  is  proposed  to  place,  one  at  about  86  feet  from  each  bank, 
with  which  and  the  head  sluices  they  will  be  connected  by  wing-walls.  The  sluices 
are  to  have  each  15  yents,  of  6  feet  in  breadth,  and  from  10  to  15  feet  in  height  The 
door  is  placed  in  the  drawings  at  9  feet  below  the  erest  of  the  anient,  but  in  the  con- 
struction it  must  be  fixed  according  to  circamstanoes.  The  sluices  will  hav«  front 
and  rear  aprons  of  cut  stone,  and  a  rear  apron  of  rongh  stone  of  150  feet  in  width, 
and  10  feet  average  depth. 

As  the  work  progressed,  the  officer  in  charge,  Captain  Orr,  found  that 


254  SECTIONS   OF    INDIAN    WEIRS. 

when  the  body  of  the  anient  rested  on  a  body  of  loose  stone  thrown  in  to 
fill  up  hollows  in  the  river  bed,  as  at  the  sites  of  the  yarions  breaches  that 
occurred  during  the  progress  of  the  work,  it  was  not  only  difficult,  but  al- 
most impossible,  to  render  the  dam  water-tight ;  the  leakage  at  those  places 
being,  not  mere  percolation,  as  along  the  rest  of  the  work  which  was 
supported  on  wells  sunk  in  the  sand,  but  strong  contmuous  streams  flow- 
ing, at  a  great  depth,  through  the  large  open  interstices  of  the  rough 
stones,  as  through  inverted  syphons. 

He  therefore  decided  upon  filling  up  the  hollows  with  sand,  and  bring- 
ing the  whole  bed  of  the  river  under  the  work  to  one  uniform  level  with 
sand,  before  commencing  on  the  stone  work  :  as  had  been  proposed  origi- 
nally by  Major  Cotton,  in  his  ^  Note,'  of  which  an  extract  is  given  above. 
Another  alteration  effected  in  the  design,  was  the  omission  of  the  pro- 
posed cut  stone  covering  to  the  weir.  In  August  1855,  Captain  Orr  was 
able  to  report  the  completion  of  the  weir,  the  following  is  an  extract  from 
his  report :— * 

I  have  the  honour  to  report  that  the  anient  has  been  eompleted  to  the  extent,  and  in 
the  manner  proposed  by  me  in  my  letter  of  the  11th  Angnst,  1864,  that  is,  the  Innt  re- 
taining wall  has  been  raised  to  a  height  of  20  feet  above  the  deep  bed  of  the  river,  and 
has  been  backed  by  a  large  mass  of  rongh  stone  consisting  of  more  than  half  a  millioo 
of  tons  in  blocks  of  all  sizes  np  to  five  and  even  to  six  tons  in  weight,  forming  alto- 
gether a  dam  nearly  200  feet  in  width.  At  100  feet  from  the  front,  a  second  retaining 
wall  is  boilt,  having  its  top  6  feet  below  the  crest ;  and  between  the  two  the  sorface 
of  the  work  is  rongbly  packed  with  stone  on  end,  as  tightly  fixed  together  as  posnble, 
by  qnarry  mbbish  rammed  into  the  interstices.  Behind  the  rear  wall  the  dam  is  con- 
tinned  for  nearly  another  hondred  feet,  by  masses  of  the  largest  sized  stone.  Thos 
the  form  and  constrnction  of  the  anient  greatly  differ  from  the  more  finished  bnt 
infinitely  weaker  section  originally  proposed  for  it,  as  the  covering  of  the  top  and  a 
portion  of  the  slope  with  masonry  of  rnbble  and  dressed  stone  is  dispensed  with,  and 
in  lien  of  it  a  vastly  increased  amonnt  of  material,  in  the  shape  of  large  blocks  of 
rongh  stone,  has  been  employed.  As  two  freshes  of  upwards  of  80  feet  each  have 
now  passed  over  the  work,  its  stability  has  been  well  tested,  and  apparently  with  the 
most  satisfactory  resnlts  ;  for  thoogh  the  state  of  the  rear  portion  of  the  dim  can- 
not be  jndged  of  for  some  time  till  the  river  subsides,  the  crown  and  slope  can  be 
seen  to  be  in  good  order,  and  with  the  exception  of  a  stone  displaced  here  and  there, 
the  ronghly  packed  surface  seems  to  stand  extremely  well.  This  proves  that  the  ma- 
sonry covering  is  not  necessary;  and  therefore,  as  it  can  add  nothing  to  the  effidency 
of  the  work,  bat  would  weaken  rather  than  strengthen  it,  as  shown  in  my  letter  above 
referred  to,  I  would  recommend  its  omission,  and  that  all  future  outlay  on  tlw  anient 
be  directed  to  the  deposition  behind  it  of  additional  quantities  of  stone  in  heavy 
masses,  and  to  the  puddling  in  front  with  clay.  Some  repain  and  additions  of  rongh 
stone  will  annually  be  required  for  some  time  to  come ;  but  the  work  being  of  a 
description  to  consolidate,  and  become  more  and  more  secure  in  conne  of  tim«,  the 
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expense  of  its  malnieiuuice  most  ultimately  amoiint  to  bat  a  fraciional  percentage 
on  its  ooBt 

13.    Qodavery  Anioat. — ^This  grand  work  was  projected  by  Sir  A. 

CottODy  and  hailt  (for  the  most  part  by  that  officer)  in  1847-52.     The 

fiitaation  and  object  of  the  work  was  described  in  1846  as  follows  :-* 

The  Godarery  rirer  has  its  soarces  in  the  Ghats  to  the  North  West  of  Bombay 
near  Tramback,  and  Nassok,  there  being  fed  by  the  rains  of  the  never  failing  Sonth 
West  Monsoon,  it  flows  down  into  the  Deccan  ;  in  passing  across  which  it  receives 
the  Manjnmh  and  other  tributary  streams,  and  finally,  after  a  coarse  of  upwards  of 
700  miles,  enters  the  sea  by  several  months  between  Masnlipatam  and  Vizagapatam 
on  the  Coromandel  Coast  Tbongh  the  waters  of  the  river  itself  never  fail,  the  conn- 
tries  through  which  it  passes  are  periodically  more  or  less  visited  with  drought,  this 
is  more  especially  the  case  on  the  Coromandel  Coast,  where  owing  to  a  periodical 
failure  of  rains,  seasons  of  famine  come  round  in  regular  cycles,  when  we  are  pre- 
sented with  the  anomaly  of  a  large  population  occupying  a  Delta  of  about  3,000  square 
miles  of  the  richest  soil  in  India  suffering  from  the  horrors  of  the  famine  :  whilst  the 
fertilizing  streams  of  the  noble  riverj  which  a  bountiful  Providence  has  furnished  for 
the  purpose  of  preventing  such  a  calamity,  are  allowed  to  run  to  waste  into  the  ocean  ; 
instead  of  being  husbanded  by  human  industry,  and  turned  to  the  purpose  for  which 
they  were  given. 

It  is  to  remedy  these  evils,  and  to  apply  the  river  to  its  legitimate  purpose,  that 
Major  Cotton  has,  with  great  industry  and  talent,  drawn  up  his  plan  of  throwing  an 
anient  across  the  river,  and  thus  saving  part  of  the  waters  for  the  regular  irrigation 
of  the  Delta. 

The  design  first  prepared,  provided  for  a  perpendicular  drop  wall,  with 

a  cat-stone  flooring  below  it,  as  employed  on  the  Goleroon,  (vide  Fig.  11.) 

Bat  this  design  was  sabseqaently  modified  on  groands  stated  as  below  by 

Qencral  Sir  A.  (then  Major)  Cotton. 

I  find  that  the  great  quantity  of  cut-stone  there  proposed,  will  require  so  many 
more  masons  than  the  district  can  supply,  so  as  to  complete  the  work  within  a  moder- 
ate time,  that  it  would  be  very  desirable,  if  possible,  to  give  the  work  a  form  that 
would  require  less  of  this  material  The  facility  of  construction,  involving  the 
question  of  time  is,  next  to  security,  the  most  important  point  The  delay  of  a  year 
would  no  doubt  cause  a  loss  of  one  or  two  lakhs  of  rupees,  and  much  more  some  years 
hence.  I  find  from  my  late  trials  in  the  quarry,  that  it  would  probably  take  about 
1,000  stone-hewers  and  stone-cutters  to  prepare  the  requisite  quantity  of  cut-stone  in 
two  years,  and  from  what  I  have  yet  been  able  to  learn,  I  am  afraid  that  nothing 
like  this  number  could  be  procured ;  the  settion  I  now  forward,  therefore,  is  such  as, 
by  avoiding  an  over-fall,  excepting  where  the  nnder-sluices  occur,  will  admit  of  the 
principal  part  of  the  surface  of  the  work  being  made  of  mbble  work  pointed  with 
concrete,  and  finished  with  a  surface  of  smoothed  chunam,  such  as  the  sluices  and 
other  works  are  finished  with  in  Tanjore,  when  not  lined  or  covered  with  cut-stone. 
The  principal  part  of  the  work  will  ihna  consist  of  loose  stone,  of  which  there  is  an 
unbounded  supply,  the  greater  part  ready  broken,  and  which  can  be  brought  to  the 
work  very  rapidly  by  railroads. 
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This  is  the  mode  of  constroctioo  originally  nsed  at  the  aneient  natiTe  work  called 
the  Grand  Anient,  which  has  stood  for  so  many  oentnries.  Part  of  it  has  indeed 
been  raised  and  covered  with  cnt-stone,  bat  a  few  years  ago  part  of  it  was  still  withon  t 
that  protection.  On  cutting  through  the  work  to  make  Uie  nnder-elnices,  the  mass 
was  found  to  consist  of  nothing  but  loose  stone  in  mud,  with  the  upper  course  only 
laid  in  chunam,  and  plastered  with  concrete.  It  has  neyer  required  anything  more 
than  occasional  renewals  of  the  concrete,  and  has  ncTer  been  in  any  danger,  or  giFcn 
cause  of  alarms. 

Hero,  where  material  is  abundant  on  the  spot,  and  skilled  labour  scanty,  it  is  worLk 
considering  whether  such  a  rule  mode  of  construction  may  not  be  adopted  with  ad- 
vantage.   In  my  first  report  on  the  Godayery,  I  proposed  this  kind  of  work  ;  but  I 
afterwards  thought  the  employment  of  so  rast  a  mass  of  materials  would  inyolTe 
more  delay  than  a  more  scientific  construction.    Since  I  sent  in  that  report,  I  haye 
had  much  more  opportunity  of  inyestigating  the  subject,  and  my  main  objection  to 
the  use  of  rude  materials  has  been  removed.    I  find  that  round  timber,  straight,  hard 
and  durable,  and  perfectly  suited  for  rails  without  sawing,  can  be  obtained  in  great 
quantities  at  a  most  trifling  cost    Such  timber,  from  six  to  seyen  inches  diameter, 
and  20  feet  long,  is  procurable  at  from  Rs.  20  to  25  per  100  logs ;  so  that  suffi- 
cient for  a  mile  of  single  railway,  including  cross  pieces,  that  is  20,000  feet  lineal,  will 
cost  from  Bs.  200  to  250.    Such  rails  adted  to  a  level  on  the  surface,  with  flat 
two-inch  iron  screwed  down  upon  it,  makes  an  excellent  temporary  railroad  at  so 
moderate  a  cost,  that  any  length  of  it  may  be  laid  without  an  ezcessiye  expenditure  ; 
and  by  thus  having  several  lines  of  railway,  a  great  mass  of  materials  may  be  convey- 
ed in  a  short  time,  without  confusion. 

The  section  shows,  however,  another  material  alteration  that  I  propose  ;  and  this 
is,  to  give  the  whole  work  a  breadth  of  18  feet  in  the  clear  at  the  top,  so  as  to  provide 
both  an  ample  roadway  during  the  time  that  the  river  is  low,  that  is,  dming  eight 
months  in  the  year,  and  also  to  allow  of  a  bridge  being  carried  along  it  without 
altering  the  original  work.  It  seems  to  me,  that  if  this  can  be  accomplished  withoat 
exceeding  the  estimate,  a  very  important  point  will  be  gained.  To  make  the  ani- 
ent fully  answer  the  purpose  of  a  bridge,  while  the  river  is  low,  I  propose  also  to 
make  the  broad  surface  of  the  anient  two  feet  lower  than  the  crown  of  the  woik  ; 
building  a  wall,  two  feet  high  on  the  upper  side,  to  keep  the  roadway  dry  and  prevent 
accidents.  It  is  to  be  observed,  that  as  the  nnder-slniees  will  be  of  great  capad^,  tbej 
will  discharge  a  large  body  of  water,  so  that  none  will  go  over  the  work,  excepting 
while  the  freshes  are  high  ;  and  as  during  that  time  there  is  but  little  traffic  in  the 
country,  the  anient  will  thus  almost  answer  the  whole  purpose  of  a  bridge. 

The  total  length  of  the  weir  is  20,570  feet ;  but  it  is  broken  into  foar 
sections  separated  by  islands.  The  sections  of  all  parts  of  Uie  weir  are 
not  identical,  bat  nearly  so :  and  that  shown  in  Fig.  13,  is  that  of  the 
longest,  the  '  DowlaLswaram'  section,  4,872  feet  in  length.  After  an  in- 
spection of  the  weir  in  April  1852,  a  report  on  the  wodc  was  sabmitted, 
the  following  extracts  of  which  will  be  found  instractiFe :  — 

The  Dowlaiswaram  branch  of  the  anient  with  its  wing-wal1s.-*The  section  given 
to  it  has  answered  very  well }  and,  excepting  at  the  end  near  the  wing-wall,  there  has 
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been  no  injary  to  th«  work.  Tbe  rongh  stone  apron  haa  snnk,  but  not  reiy  mnch, 
mnd  baa  been  raised  and  extended.  During  the  last  monsoon  I  cannot  perceive  that 
it  has  undergone  the  least  change  ;  but  still  I  propose  throwing  in  a  small  quantity 
of  additional  rongh-stone,  for  greater  secnritj.  This  branch  has  however  one  defect : 
from  the  vast  quantity  of  stone  required  for  covering  it,  and  the  gradoal  deterioration 
o€  the  quarry  preventing  ita  due  selection,  a  great  deal  of  the  cut-stone  is  evidently 
too  soft,  and  wears  nnder  the  friction  of  the  sand  and  gravel  passing  over  it  Last 
year  a  great  number  of  the  soft  stones  were  replaced  with  harder  ones  ;  and  it  haa 
not  worn  so  much  this  year ;  so  that  it  is  not  nceessary  to  replace  any.  The  soft 
stones  shonid,  however,  be  gradually  all  removed.  This  does  not  in  the  least  affect  the 
stabilitj  of  the  work.    The  wing-walls  are  in  good  order. 

Bailee  branch  with  ita  wing-walls.— It  is  to  be  observed  that  the  masonry  of  all 
the  rest  of  the  anient  is  Udd  on  sand  between  the  front  and  rear  retaining  walls  ; 
but  in  other  parts  it  cannot  be  washed  away.  Here  the  water  passed  through  the 
stones  nnder  the  front  wall,  and  carried  the  sand  nnder  the  masonry  away.  The  con- 
sequence of  this  was,  that  the  masonry  in  these  places  cracked,  and  in  one  spot  sank 
till  it  rested  on  the  longh  stone.  When  the  work  was  examined,  it  was  found  to  be 
hollow  underneath  for  a  considerable  distance.  This  is  very  inetmctive.  There  is 
no  better  foundation  for  masonry  than  sand,  if  it  is  secured  from  currents  of  water  ; 
it  is  indestructible  and  incompressible,  and  so  far  is  just  as  good  as  rock  ;  but  in  situa- 
tions where  currents  of  water  can  get  at  it,  as  it  is  not  like  rock,  immovable,  it  is  the 
worst  of  all  fovndations.  All  the  part  of  the  work  thus  undermined  was  broken  up, 
and  the  masonry  laid  solid  on  the  rough-stone :  still  this  did  not  prevent  the  water 
passing  under  tiie  work  as  before.  A  heavy  bank  of  clay  was  thrown  in  front  of  the 
anient  last  year,  so  as  to  cover  the  whole  of  the  loose  stone,  and  this  stopped  the 
leaks  at  the  time  ;  but  they  appeared  again  this  year,  and  the  water  spouted  through 
the  rough  stone  apron  strongly.  We  have  now  covered  tbe  front  of  the  rough  stone 
with  a  heavy  bank  of  tbe  tough  clay  mixed  with  chippings  of  stone  from  the  spoil 
heaps  in  the  quarry  ;  and  the  leaks  seem  effectually  stopped.  I  am  of  opinion,  how- 
ever, that  it  would  have  been  better  to  have  mixed  the  quarry  clay  with  the  lunka 
earth,  as  it  would  have  made  it  more  perfectly  water-tight  The  work  does  not  ap- 
pear at  all  endangered  by  these  leaks.  This  work  has  been  completed  with  a  cut-stone 
covering,  which  is  not  much  worn,  partly  because  there  was  time  to  select  the  stone 
more,  and  partly  I  believe,  because  as  yet  less  sand  and  gravel  have  passed  over  it 
than  over  the  Dowlaiswaram  branch. 

14.  Oheyanr  Anient,  North  Aroot.— A  considerable  number  of 
tanks  (between  40  and  50)  sitaated  in  the  Talooks  of  Triv atoor  and  Wnn- 
diwash  in  North  Arcoton  the  south  bank  of  the  Cheyaur  river,  and  entirely 
dependent  on  rains,  exhibited  a  great  falling  off  in  their  revenae.  Gov- 
ernment therefore  sanctioned  a  proposal  for  erecting  an  anicut  across  the 
Cheyanr,  and  cutting  channels,  extoading  nearly  20  miles,  for  the  sup- 
ply of  these  tanks :  the  sanction  was  granted  15th  September,  1851. 

The  channels  were  completed  by  the  24th  October,  1852,  the  anicut 
was  commenced  on  the  19th  January,  1852,  and,  together  with  about  20 
calingulahs,  bridges,  ^c,  was  completed  in  August  1852. 
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The  anient;  ia  385  feet  ton^,  bnilt  npon  two  rows  of  wells  of  4  f 
6  inches  exterior  diameter;  tbe  fouiidatioQ  on  the  wells  4  feet  deep; 
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No.  CCXXXIII. 

EXPERIMENTS  ON  COMPRESSIBILITY  OP  SOIL  AT 

MORADABAD. 


Extraeii  from  Reports  by  Lieut.  Grebnstreet,  R.E.,  and  Notes 
ly  Lieut.-Col.  M.  Perkins^  R.E.^  and  Major-General  Alex. 
Taylob,  R.E. 


Thb  original  orders  in  regard  to  these  experiments  addressed  to  the 
Executive  Engineer,  Moradabad,  and  were  as  follows : — 

*'I  haTe  the  honoar  to  reqaest  that  you  will  bnild  near  No.  7  or  No.  2  barrack,  two 
walls  6  feet  long,  1  foot  thick,  built  2^  feet  into  the  gronnd  and  7  feet  apart 

'*  Load  these  walls  with  iron  girders  touching  one  another,  bricks,  and  whatever 
may  be  necessary  to  give  a  pressure  of  eight  tons  on  the  foot. 

"  The  level  of  some  mark  on  the  wall  should  be  taken  before  loading,  and  carefnllj 
read  after  loading,  to  show  the  amount  of  compression  that  takes  place. 

''  Please  let  the  trench  be  of  the  exact  width  of  the  wall,  so  that  no  bulging  upwards 

of  the  soil  outside  the  bricks  may  be  possible.    The  large  1 2-inch  bricks  will  be 

convenient  for  use.    The  wall  is  to  be  straight  from  top  to  bottom  without  offsets, 

and  may  be  brought  up  2  feet  above  ground. 

•  i»  •  «  •  •  • 

"  Fun  in  the  bottom  of  the  trench  before  building.  If  there  be  any  spare  catting 
whatever,  pun  in  soil  with  the  utmost  care. 

"  Let  the  B.  M.  used  for  reference  be  a  permanent  point,  say  the  plinth  of  a  barrack, 
to  which  reference  may  be  made  at  any  time  hereafter. 

'*  Let  the  line  on  the  wall  be  fine,  admitting  of  the  nicest  readings.  Do  not  let  any 
other  method  of  observation  be  substituted  for  what  is  here  indicated." 


Extracts  from  a  Report  by  Lieut.  Grebnstrebt,  B.E.,  dated  21th 
September,  1878. 

Some  questions  having  arisen  as  to  the  firmness  of  the  upper  stmtnm 
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of  day  which  forms  the  foundation  soil  for  buildings  at  Moradabad,  and 
its  strength  to  resist  the  weight  of  a  heavy  building  without  sabsidenoe, 
several  experiments  were  made  by  order  of  the  Chief  and  SnperiBtending 
Engineers,  with  a  view  to  throwing  light  upon  the  subject.  These  experi- 
ments consisted  at  first  of  making  holes  of  from  2  to  3  feet  deep  and 
ramming  with  heavy  rammers ;  the  level  of  the  bottom  of  the  hole  bemg 
carefully  levelled,  both  before  and  after  ramming,  so  as  to  ascertain  the 
amount  of  subsidence,  if  any.  The  results  of  these  experiments  have  been 
reported  from  time  to  time  as  they  were  made,  and  therefore  they  need 
not  be  more  particularly  noticed  here.  It  appears  only  necessary  to  point 
out  that  the  above  method  was  liable  to  errors,  and  was,  for  several  rea- 
sons, likely  to  give  unreliable  results. 

In  the  first  place  the  soil  was  subjected  to,  and  tested  by  its  resistance, 
to  a  blow  or  a  series  of  blows,  the  test  being  for  resistance  to  impact  instead 
of  steady  pressure.  Besides  which  there  was  always  the  danger  of  the  earth 
rammed  out  of  one  part  of  a  hole  being  merely  squeezed  up  into  another. 
Moreover,  the  condition  of  the  earth  when  dug  and  exposed  to  the  air 
and  sun  for  even  a  short  space  of  time  would  be  very  different  to  that  of 
the  earth  below  the  foundation  of  a  wall  which,  when  once  filled  in,  is 
exposed  to  neither  air  nor  sun. 

Drawing  showing  how  it  was  proposed  to  load  the  girders  on  the  walls 
was  forwarded  by  Executive  Engineer,  and  was  approved  by  the  Super- 
intending Engineer.  This  drawing  had  to  be  slightly  modified  in  execnt- 
iog  the  work,  as  will  be  noticed  hereafter. 

The  site  fixed  upon  for  the  experiment  was  to  the  north  of  No.  2 
barrack,  in  the  position  indicated  on  the  sketch  below. 


c 


north  South 
•wall     mil 


W-f- 


w 


*^to 


I  f 


*M- 


>k 


Cbnersfe  8\ah 


The  work  of  preparing  the  walls  was  begun  on  tlie  16th  June  and 
completed  on  the  28rd. 
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The  excayation  was  first  yery  carefolly  made,  being  of  the  exact  size  and 
shape  of  the  walls  directed  to  be  built  in  the  aboye-qnoted  instmo- 
tions. 

The  bottoms  of  the  trenches  were  first  leyelled  on  the  required  depth 
of  2  feet  6  inches  below  the  ground  leyel  haying  been  reached,  so  as  to 
ensure  their  being  both  on  the  same  leyel  and  perfectly  horizontal. 

They  were  then  rammed  for  a  couple  of  days  with  heayy  rammers,  and 
were  again  leyelled  with  a  Y  leyel,  any  differences  in  the  equal  horizon- 
tality  of  the  two  being  corrected. 

The  foundation  trenches  haying  been  thus  accurately  prepared,  the 
brickwork  was  built.  The  walls  w^re  constructed  of  12-inch  bricks 
accurately  gauged,  and  cut  where  necessary,  so  as  to  be  of  the  exact  length. 
The  mortar  used  was  stone  lime  1,  siirki  2. 

The  walls  being  built  in  English  bond,  and  the  joints  of  masonry  three- 
sixteenth  inch  thick. 

The  walls  were  built  2^  feet  below  the  ground  leyel  and  2  feet  aboye 
it,  being  thus  4  feet  6  inches  high  altogether. 

Each  wall  was  surmounted  by  two  Agra  flag  stones  about  1^  inches 
thick,  to  act  as  wall-plates  for  the  better  distribution  of  the  weights. 

It  was  so  arranged  that  the  united  weight  of  the  two  wall-plates  on 
each  wall  was  the  same,  yiz.,  154  tbs.  They  were  laid  in  mortar,  and 
carefully  leyelled. 

A  narrow  line  was  made  round  each  of  the  two  walls  at  an  exact 
leyel,  about  16^  inches  from  the  tops  of  the  walls,  the  line  being  scored 
into  the  comer  bricks  of  the  walls  to  preyent  its  being  obliterated  by 
rain. 

This  line  was  carefully  leyelled  and  referred  to  the  point  O  on  the 
plinth  of  No.  2  barrack,  the  reduced  leyel  of  which  is  655*18  aboye  G.  T. 
datum. 

On  12th  July,  1873,  the  wall-plates  being  on,  and  the  test  walls  haying 
had  time  to  settle  and  the  mortar  to  set,  the  first  layer  of  girders  was  put 
across  the  walls.  This  layer  consisted  of  12  girders,  18  feet  9  inches 
long,  weighing  together  8  tons,  18  cwt.,  and  2  quarters. 

In  July  there  was  heayy  rain,  much  of  the  ground  adjacent  was  under 
water,  and  it  was  yery  difficult  to  keep  the  water  from  the  walls.  Earth, 
howeyer,  was  banked  up  against  them  and  sloped  outwards,  so  as  to  keep 
them  drained  as  much  as  possible. 
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TinB  weight  was  at  this  time  as  follows  :— 

Two  walls, =  2-868  toiUL 

Four  Agra  stone  wall-plates  2  X  154  lbs.  =  808  lbs.,      ^  0*187  „ 
Xajer  No.  1  of  13  feet  9  inch  girders  12  in  nomber  =  3 

tons,  13  cwt,  2  qnarters,          =  8^75  „ 

Layer  No.  2  of  9  girders  26  feet  long  =  9  X  1*287  tons  =  11  -188  „ 
Nine  thin  planks  for  packing  between  Ist  and  2nd  layers 

|-inch  thick  weighing  60  lbs.,            . .         . .         •  •   =  0'027  „ 

Giving  a  total  of        ..         17-840    „ 

or  1*486  tons  per  sqaare  foot  of  foundations. 

On  5th  August,  1873,  it  was  noticed  that  the  walls  were  slightlj 
subsiding,  as  indicated  by  the  sliding  rules.     They  showed  a  sabsidence 

of  ^V^^<^^  ^^  ^^®  ^^B^  ^^^f  ^^^  ^v  ^^  ^^®  ^B^  ^^^  ^^  ^®  north  wall ; 
there  was  scarcely  any  (if  any)  subsidence  indicated  on  the  south  wall. 

It  will  be  observed  that  this  subsidence  took  place  in  consequence  of 
the  constant  pressure  of  the  superincumbent  weight  in  rainy  weather,  as 
no  further  weight  had  been  added  after  the  sliding  rules  had  been  fixed. 

It  is  instructive  also  to  notice  that  the  conditions  for  drainage  were 
slightly  better  for  the  south  wall  than  for  the  north  wall,  in  o(mseqaence 
of  the  greater  proximity  of  the  former  to  No.  2  barrack,  from  which  the 
ground  slightly  falls  away.  At  the  beginning  of  August,  orders  came  to 
recommence  the  work,  preparations  were  therefore  made  to  go  <m  with 
the  loading. 

It  will  be  seen  from  the  tables,  that  the  subsidence  on  the  two  walls 
was  Tery  unequal.    The  reason  of  this  is  not  very  apparent. 

It  is  true,  as  has  been  already  pointed  out,  that  the  north  wall  was  per- 
haps slightly  more  exposed  to  the  influence  of  the  rain  than  the  south 
wall,  but  yet  the  conditions  of  the  two  walls  are  so  nearly  alikoi  that  the 
slight  difference  noted  appears  insufficient  to  account  for  the  considerable 
difference  of  subsidence.  But  however  this  may  be,  the  fact  remains. 
Neither  was  there  any  possibility  of  the  weight  coming  more  on  one  wall 
than  the  other,  as  the  greatest  care  was  employed  to  keep  the  arrangement 
truly  symmetrical. 

Owing  to  this  unequal  subsidence,  the  whole  structure  leaned  consider- 
ably over  to  the  north,  and  consequently  the  work  was  delayed  and  much 
labour  entailed :  the  space  between  the  girders  and  the  upright  on  that 
aide  is  rery  small.  It  was  sufficiently  large,  however,  for  the  upward 
passage  of  the  girders  when  first  the  scaffolding  was  erected,  bat  owing 
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to  the  girders  leaning  oyer  on  that  side,  the  space  was  so  mnch  narrowed, 
that  the  girders  had  afterwards  to  be  raised  by  other  means. 

Aboat  this  time  it  was  obserred  that  the  walls  were  oat  of  the  perpen- 
dicular. 

The  total  weight  of  8  tons  per  square  foot  remained  on  the  wall  from 
1-30  p.  M.,  on  the  Idth  instant,  till  12  noon  on  the  16th,  or  70  hours.  Dur- 
ing a  great  part  of  this  time,  viz.,  from  4  p.m.,  14th  September,  1878,  till 
10  A.M.,  16th  September,  1873,  there  was  rery  heavy  and  almost  incessant 
rain,  (from  10  to  12  inches  of  rain  fell  in  this  time,)  it  was  impossible  to 
keep  the  water  from  the  walls,  and  the  lower  or  north  one  sank  consi- 
derably. 

At  noon  on  the  16th  September  the  work  of  unloading  commenced. 
When  the  whole  weight  has  been  removed,  a  further  report  will  be 
submitted  as  to  the  state  of  the  walls,  the  amount  of  their  obliquity,  and 
such  other  points  as  may  be  brought  to  notice. 

A  table  is  annexed  showing  the  weight  and  the  subsidence  due  to  the 
various  increments  of  the  weights.  It  shows  in  a  condensed  form  much 
of  what  has  gone  before  in  the  body  of  the  report. 
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Note  by  LiBXTT.-CoL.  M,  Perkins,  R.E.,  dated  SOth  SepUmbety  1873. 
A  load  of  8  tons  per  superficial  foot  was  broogbt  to  bear  on  the 
foundation  trenches  of  each  of  the  two  walls  which  measured  in  plan 
6'  X  V.  Before  giving  the  order  for  the  experiment,  I  considered  the 
disadvantage  of  having  walls  of  such  small  base  area  from  which  to 
deduce  results.  But  calculations  showed  that  for  a  greater  area  the  load 
would  be  so  bulky,  that  it  might  be  better  to  accept  the  experiment  as  it 
stands  for  what  it  is  worth. 

The  ultimate  compression  of  the  soil  was  as  follows:— 

Feet      Inches. 
East  end. 
West  end, 
East  end. 
West  end, 

The  difference  of  settlement  of  the  two  walls  is  very  remarkable,  and 
rather  embarrasses  the  basing  of  sound  conclusions  on  the  results. 

The  only  causes  to  which  this  difference  can  be  attributed  are  the  three 
following  :— 

let.    Inequality  in  the  consistency  of  the  soil  in  the  trenches. 

2fkd.  Inequality  in  the  protectioa  of  the  two  walls  from  the  lodgment 
and  infiltration  of  water. 

Zrd,  The  greater  pressure  on  the  north  wall  as  the  experiment  pro- 
gressed owing  to  the  tilling  of  the  load. 

For  the  great  care  and  precision  observed  in  starting  the  work,  which 
Lieut.  Greenstreet  so  fully  relates,  prevents  my  supposing  that  any 
difference  as  to  the  width  of  the  trenches  and  possible  bulging  up  of  the 
soil  or  any  other  special  reason  was  at  work  in  the  case  of  the  north  wall. 

The  last  of  these  three  causes,  however,  can  only  be  admitted  into  the 
question  at  the  more  advanced  stages  of  the  experiment,  after  uneven  set- 
tlement had  commenced,  and  had  gone  on  to  a  considerable  extent.  And, 
further,  it  is  apparent  that  this  additional  pressure  could  not  have  been 
large,  as  the  cross  strain  that  would  otherwise  have  been  brought  on  the 
slender  walls  by  such  a  load  would  have  turned  the  walls  over. 

The  explanation  of  the  difference  must  be  referred  then  to  the  two 
first  causes.  That  there  is  a  variability  in  the  character  of  the  soil, 
owing  in  places  to  a  greater  proportion  of  loam,  has  been  shown  by  the 
numerous  excavations  that  have  been  made.  It  must  be  inferred  there- 
fore that  the  soil  below  the  north  wall  had  more  of  this  loamy  character, 
and  that  as  might  have  been  expected,  the  less  efficient  drainage  round 
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the  wall,  as  Lieut.  Greenstreet  explains,  operated  additionally  in  weakening 
the  snh-soil.  In  a  measare  also  the  same  may  be  inferred  regarding 
the  west  end  of  the  south  wall  as  compared  with  the  east  end  of  the 
same  wall. 

Still  Lieut.  Greenstreet  represents  the  inferiority  of  drainage  as  bat 
a  comparatively  trifling  matter.  And  the  conclusion  finally  to  be  ac- 
cepted is,  that  in  some  parts  of  the  plateau  there  are  patches  of  subsoil, 
the  bearing  power  of  which  is  as  small  as  that  indicated  by  the  worst  of 
the  tabulated  results. 

I  regret  that  owing  to  the  uneven  settlement  of  the  walls,  it  was  neces- 
sary to  stop  the  experiment,  (although  my  exact  order  had  been  complied 
with),  for  it  would  have  been  interesting  to  know  with  what  ultimate  load 
the  settlement  might  have  ceased  altogether.  As  the  record  stands — vid^ 
table  of  increments  due  to  successive  loads,  and  annexed  table  prepared  by 
me,  showing  at  each  stage  the  amount  of  compression  per  ton  of  load— it 
is  difficult  to  come  to  a  conclusion  on  this  point. 

The  figures  indeed  seem  to  show  that  the  two  walls  should  be  considered 
separately.  Thus,  in  the  case  of  the  north  wall,  east  end,  making  the  total 
compression  obtained  with  a  load  of  2*73  tons  per  superficial  foot,  a  start- 
ing point,  the  addition  of  3  tons  per  superficial  foot  (nearly)*  increased 
the  settlement  by  0*325  feet,  or  from  0*025  to  0*350,  and  the  further  ad- 
dition of  2*16  tons  per  superficial  foot  caased  a  further  settlement  of  0*275. 
Considered  proportionally,  this  shows  a  still  increasing  rate  of  compression ; 
whereas  the  compression  per  ton  of  load  shows  a  comparative  decrease. 
In  the  first  stage  the  increase  was  from  0*00918  to  0*05993  =  say 0058, 
and  in  the  second  stage  from  005993  to  0*07875  =  0018.  This  might 
argue  perhaps  that  the  limit  of  compression  was  being  approached. 

And  the  same  might  be  argued  from  the  figures  relating  to  the  west 

end  of  the  same  wall,  where  the  whole  compression  increased  in  the  first 

stage  0*350,  in  the  second  stage  0*395,  and  the  compression  per  ton  of  load 

only  increased  as  follows  :— 

In  the  first  stage,  0*054 

In  the  second  stage,         0*031 

On  the  other  hand,  the  south  wall,  whichever  end  be  considered,  shows 

that  with  a  load  of  5*84  tons  per  superficial  foot,  scarcely  any  appreciable 

compression  occnrredy  beyond  what  was  noticed  with  a  load  of  3*857  tonsi 

*  Bxact  fignra  2*73 
6-84 


KXPBRIMBNT8   ON   OOXPREMIBILITT   OF   SOIL  AT  MORADABAD.       267 

and  that  the  comprMsion  per  ion  of  load  (as  would  neoessarily  resnlt) 
decreased.  The  whole  compression  too,  taking  the  worst  point  of  the  wall, 
was  only  0*105  with  the  load  of  5*84  tons  per  superficial  foot,  an  amonnt 
that  woold  not  perhaps  be  considered  objectionable. 

After  this  point  a  higher  rate  of  settlement  is  noticed|  whether  the 
total  of  compression  be  regarded  or  the  compression  per  ton  of  load.  Bat 
eyentaally  the  greatest  settlement  nnder  a  load  of  8  tons  per  superficial 
foot  did  not  amount  to  more  than  0*265  feet  or  8*18  inches,  or  0*08812 
feet  per  ton  of  load. 

To  deduce  from  these  figures  a  rule  for  practice,  it  seems  necessary  to 
decide  what  should  be  the  utmost  settlement  allowed  within  the  limit  of 
stability,  and  the  further  factor  for  safety  that  should  be  allowed  in  accord- 
ance with  the  general  rule  applicable  to  other  portions  of  a  structure.  ' 

If  the  limit  for  settlement  were  called  three  inches,  and  the  factor  of 
safety  four,  the  record  pertaining  to  the  south  wall  would  give  8  tons 
per  superficial  foot  as  the  ultimate  bearing  power  of  the  soil,  and  2  tons 
per  superficial  foot  as  a  safe  working  load. 

If  the  limit  were  called  two  inches  and  the  factor  for  safety  as  before  four, 
the  ultimate  bearing  power  would  be  6*765  tons,  and  the  safe  working  load 
1*691  tons  per  superficial  foot.  This,  howeyer,  is  taking  the  most  favour- 
able yiew  of  the  case. 

If  the  north  wall  be  considered,  and  the  same  data  be  assumed,  the. 
results  would  be— 

For  a  three-inch  limit  of  settlement,  about  5*4  tons  per  superficial  foot 
the  limiting  load,  and  1*85  tons  per  superficial  foot  the  safe  working  load. 

For  a  two-inch  limit  of  settlement,  about  4*72  tons  the  limiting  load, 
and  1*18  the  safe  working  load. 

Or  further,  if  one  inch  were  the  limit  of  settlement,  the  result  would  be 

As  deduced  from  «,nU.  waU   j  J.]^ J  *<>-  ^^t^^i^f  ,„,,. 

As  d«iuc<d  from  north  w^   {SS    L'    1^?^  wo'r,i^"/ioad. 

Finally,  if  some  allowance  be  made  for  the  possible  disadrantage  under 
which  our  experiments  laboured  in  having  so  thin  a  wall  to  be  operated  on, 
and  some  credit  be  taken  for  the  better  dramage  arrangements  that  would 
be  insured  in  the  case  of  a  building,  it  may  be  reasonable  to  adopt  the 
mean  of  the  foregoing  results  as  a  rule  for  guidance  in  fixing  the  safe  load 
to  be  allowed. 

VOL.  VI. — SBOOND  8KRIBS.  2  N 
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With  three  inches  of  settlement  as  the  limit     ?'^^'^  ..  i.^j  ^^^^ 
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The  first  result  is  slightly  beyond  the  extreme  limit  (3-500  lbs.)  men- 
tioned by  Rankine  for  a  clay  soil.  The  other  results  fall  between  the 
limits  mentioned  by  him. 
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ConUnuation  of  Bq>ort  hy  Libut.  W.  L.  Gbebhstbbet,  R.E.,  dated 
2hth  October^  1873. 

On  the  18th  October  the  whole  of  the  load  had  been  taken  off  the 
walls,  and  the  levels  could  therefore  be  accurately  taken  by  erecting  the 
levelling  staff  at  the  four  comers  of  each  wall.  The  following  table  shows 
the  result  of  the  levelling : — 
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By  comparing  this  table  with  that  fonnerly  submitted,  it  will  appear  that 
the  aren^e  sabsidence  for  each  wall  is  almost  exactly  the  same  as  that 
formerly  reported. 

In  order  to  examine  the  walls  and  the  clay,  the  earth  which  had  been 
laid  against  them,  and  sloped  away  from  them  so  as  to  give  better  drain- 
age daring  the  rains,  was  remoTcd,  and  the  old  snrfiMse  of  the  groond 
laid  bare.  I  oonld  not  discover  any  appearance  of  the  soil  having  bulged 
upwards  from  below,  and  from  experiments  afterwards  made,  there  does 
not  appear  to  be  any  reason  for  supposing  that  there  would  be  any  bulg- 
ing due  to  displacement.  For  there  dqjos  not  appear  to  be  in  the  day  any 
tendency  to  follow  the  hydrostatical  law  of  equal  distribution  of  pressure ; 
moist  clay  which  has  been  pugged  would  of  course  do  so;  but  the  undis- 
turbed clay  appears  to  compress  under  pressure  without  distributing  the 
force  far. 

Trenches,  2  feet  wide,  were  dug  across  the  centres  of  the  walls,  in 
order  to  admit  of  an  examination  of  them  being  made. 

When  thus  opened  out,  the  lower  part  of  the  walls  appeared  to  be 
uneyen.  This  was  found  to  be  due  to  the  squeezing  out  of  the  mortar 
from  the  mortar  joints  in  building  the  walls.  When  a  brick  is  hammered 
on  its  bed,  the  mortar,  of  course,  always  squeezes  out  of  the  bed  joint,  and 
is  caught  up  by  the  trowel ;  but  in  building  this  wall  there  was  no  room 
to  take  up  the  mortar  thus  squeezed  out,  which  was  therefore  pressed  out 
into  the  yerlical  sides  of  the  foundation  trench.  It  might  be  supposed  that 
there 'would  be  no  room  for  such  squeezing  out  if  the  foundation  trenches 
were  true  and  of  the  same  size  as  the  wall,  and  yet  the  foundation  trenches 
were  laid  out  with  great  care,  and  I  belieye  as  accurately  cut  as  they 
could  be  made,  any  irregularities  being  punned  with  clay.  The  explana- 
tion seems  to  be  that  the  sides  of  the  excavation  were  moistened  with 
water  used  to  flush  the  masonry,  and,  being  thus  49oftened,  admitted  the 
mortar  pressed  out  of  the  masonry  joints. 

I  carefully  plumbed  the  walls  when  they  had  been  cleared  of  the  irre- 
gularities due  to  the  mortar  adhering  to  the  side  as  explained  above,  and 
found  that  they  both  had  the  same  batter,  viz.,  2^  inches  in  4^  feet,  or 
1  in  21*6,  which  is  rather  more  than  was  calculated  in  the  former  report. 

There  does  not  appear  to  have  been  any  bulging  in  the  walls  under  the 
heavy  weight  to  which  they  were  subjected. 

There  are  several  slight  irregularities  in  the  brickwork,  but  these  do 
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not  appear  to  be  dae  to  bulging,  but  to  the  difficulty  in  building  a  wall 
perfectly  plumb  and  even,  when  the  sides  cannot  be  seen  or  a  plummet 
applied. 

Neither  of  the  lf4nch  Agra  stone  wall-plates  were 
broken  across,  tiiough  one  of  them  was  slightly 
chipped  at  the  edge,  probably  in  consequence  of 
some  uneven  strain. 

Both  walls  on  leaning  over  to  the  north  left  the 

.clay  sides  of  the  cutting  on  the  soijth  side,  and  in 

the  cracks  or  open  spaces  thus  formed,  the  sand  and 

earth  put  up  against  the  walls  to  give  drainage,  were 

washed  down  during  the  rain,  thus  filling  up  the  crack. 

I 

The  space  A  as  shovm  in  the  exaggerated  sketch,  is  what  is  al- 
luded to. 

The  ground  when  opened  was  very  soft  and  damp.  I  could  push  a  thin 
cane  into  the  soil  about  9  inches.  There  appears  to  be  a  layer  of  yellow- 
ish  marly  clay  about  3  feet  down.  It  is  difficult  to  distinguish  exactly 
where  it  begins,  though  there  is  a  marked  difference  between  the  clay 
at  a  depth  of  1  foot  and  3  feet. 

The  clay  is  very  soft  and  pliable  when  damp,  although  very  hard  when 
dry ;  but  the  trench  was  very  damp,  and  therefore  the  wall  which  first 
descended  furthest  into  this  clay  would  have  a  better  chance  of  descending 
still  further  than  the  one  which  had  not  begun,  or  had  only  just  begun  to 
enter  it. 

This  perhaps  may  account  for  the  difference  of  levels  of  the  two  walls; 
the  north  wall  may  have  received  its  first  advantagehj  the  slight  inferiority 
of  its  position  as  regardi^  drainage,  and  may  thus  have  been  enabled  to  enter 
first  and  farthest  into  the  more  pliable  yellow  clay — an  advantage  which 
would  tend  to  its  still  further  unequal  descent  on  the  increase  of  pressure 
due  to  the  additions  of  the  load. 

In  order  to  ascertain  how  much  the  clay  would  shrink  when  subjected 
to  a  heavy  pressure,  I  had  a  piece  of  hitherto  undisturbed  clay  taken  from 
between  the  two  walls  at  a  depth  of  3  feet  3  inches,  that  is,  at  the  depA 
of  the  present  bottom  of  the  north  wall,  and  at  a  distance  of  3  feet  from 
the  north  wall.    This  was  a  piece  of  the  yellow  clay  already  mentioned. 

This  yellow  clay  has  streaks  of  a  red  colour  and  little  lumps  of  a  soft- 
ish  dark  brown  substance  in  it.  « 


XXPSRIHBKTB   ON   COMPRESS  IB  I L  ITT   OF  SOIL    AT  HORADABAD.      271 

This  piece  of  unbroken  clay  was  oat  to  the  exact  sise  of  an  iron  brick- 
monld  9}'  X  ^'  x  2}" ;  its  Tolome  therefore  was  182*8  cnbic  inches. 
The  unbroken  piece  of  earth  exactly  filled  this  moald.  It  was  placed  on 
a  flat  board,  and  another  flat  board  about  an  inch  thick  exactly  fitting  the 
mould  was  put  on  the  top,  and  pressed  down  into  the  mould,  thus  gradu- 
ally compressing  the  day. 

The  pressure  was  obtained  by  means  of  a  blacksmith's  screw-yice. 
The  amount  of  compression  was  9§^  x  4|*  x  *8d5  cubic  inch  =16  cubic 
inches,  or  the  amount  of  volume  lost  by  compression  was  ^^  =:  ^  = 

^  (or  nearly  |)  of  the  original  volume.  And  the  area  under  compres- 
sion was  48*  square  inches  ==  ^  square  foot. 

As  it  appeared  probable  that  the  density  of  the  compressed  earth 
would  differ  from  that  of  the  uncompressed,  it  occurred  to  me  that  some- 
thing might  be  learnt  by  weighing  different  pieces  of  the  clay  with  the 
edges  and  sides  properly  cubed,  and  the  lengths  of  the  faces  measured. 

I  therefore  cut  from  underneath  the  north  wall,  a  lump  of  clay  (at  A), 

and  cut  it  down  carefully  to  the  following  dimensions  8^"  x  4^'  x  S^" 

zz  48*889  cubic  inches ;  this  lump  of  clay  weighed  8  Ifos.  8^  oz.  =  51'& 

oz.,  which  divided  by  48*889,  gives  1*178  oz.  per  cubic  inch.    Another 

piece  of  clay  (h)  was  taken  at  the  same  depth,  and  about  one  foot  away 

from  the  wall,  and  was  cut  square,  weighed  and  measured  as  before. 

The  result  was  as  follows : — 
Meoiurement, 

5  ^*  X  8  J*  X  Sii'  =  56-87  cubic  inches,  and  the  weight  was  60-125  oz. 
•%  -^g^  ss  1*066  oz.,  t.  0.,  weight  per  cubic  inch  of  this  clay.    Hence 

assuming  that  the  densities  are  as  the  weights. 

Density  of  compressed  earth :  density  of  unpressed  earth  ::  1*178: 
1-066  ::  10:  9*08  ::  10:  9  very  nearly, 

which  nearly  corresponds  with  the  ratios  of  the  volume  of  uncompressed 
earth  to  the  compressed  when  pressed  in  a  vice  as  above  explained.  In 
this  case  the  volumes  #ere  as  182  :  182 — 16,  or  182  :  116,  or  10  :  8*8. 

From  this  it  appears  probable  that  the  clay  at  the  points  c  and  c  might 
be  slightly  under  compression,  due  to  lateral  pressure,  but  that  Hie  chief 
compression  is  vertically  below  the  walls,  though  probably  covering  a. 
gradually  expanding  area,  as  the  toughness  of  the  clay  and  its  opposition 
to  being  cut  through  would  tend  to  distribute  the  pres8Qr&-— m'cfe  lines  ee,  c/, 
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An  experiment  made  a  short  time  ago  with  reference  to  earth  imting 
appears  to  throw  light  upon  this  point. 

A  hole  4  feet  deep  and  4  feet  in  diameter  was  dng  110  feet  away 
from  the  site  of  these  experiments  and  rammed ;  afterwards  a  small  hole, 
abont  7|  inches  diameter,  was  dng  in.  the  centre  of  the  first  hole  9  inches 

deep  and*  rammed  with  an  iron  rammer 

which  jost  fitted  the  hole.  After  ramming 
for  20  minntesy  the  bottom  of  the  small 
hole  had  subsided  1^  inch,  and  a  crack  all 
ronnd  the  bottom  of  the  hole  was  obeenred 
(at  a  a  in  the  sketch),  from  which  it  appears 
from  the  toughness  of  the  clay  was  suffi- 
cient to  draw  down  the  portions  m  m  away 
from  the  npper  portion  of  the  sides  of  the 
hole-— a  result  which  is  probably  the  opposite  of  what  might  be  expected, 
namely,  the  upward  pressure  of  the  clay  at  the  points  a  a  due  to  the  dis- 
placement caused  by  ramming,  and  this  was  why  in  the  beginning  of  the 
report  it  was  affirmed  that  the  clay  when  it  has  its  natural  lie  and  bed  does 
not  appear  to  have  any  tendency  to  obey  the  hydrostatical  law  of  the  equal 
distribution  of  pressure. 

In  order  to  judge,  if  possible,  how  far  the  earth,  not  under,  but  in  line 
with  the  bottom  of  the  wall,  was  under  pressure,  it  is  necessary  to  com- 
pare the  weight  of  the  piece  already  taken  from  this  position  (1*066  0£« 
per  cubic  inch),  with  the  weight  of  a  piece  out  of  all  possible  range  of  the 
pressure,  and  with  this  object  a  piece  of  clay  was  taken  from  about  half 
way  between  the  two  walls,  and  that  the  depth  of  2|  feet  below  the  ground, 
or  the  original  height  of  the  bottom  of  the  walls ;  the  piece  when  cut 
square  was  108*02  cubic  inches,  and  weighed  7  fibs.  8  oz.  =  115  os.,  /. 

108^  =  1*064.  OE.  per  cubic  inch,  t. «.,  the  weight  per  cubic  inch  of  this 

piece— a  result  which  differs  so  little  from  the  other  as  to  lead  to  the  con- 
clusion that  the  former  piece  like  the  latter  was  not  in  a  state  of  compres- 
sion ;  another  piece  of  clay  was  afterwards  taken  a  little  below  the  one  at 
depth  of  2  feet  6  inches,  and  with  almost  the  same  result. 

The  question  remains  what  became  of  the  earth  when  subjected  to  the 
pressure  of  8  tons  per  square  foot,  and  where  did  it  go  to  7 

Supposing  first  that  only  the  earth  yertically  below  the  wall  was 
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compressed,  then  allowing  a  compression  of  |  its  yolnme  for  ereiy  cubic 
foot,  in  order  to  obtain  *75  of  a  foot  totil  vertical  compression,  the 
depth  to  which  this  compression  would  reach  would  be  9  X  '762=6*3  feet, 
or  as  the  wall  is  one  foot  wide,  the  sectional  area  under  compression  would 
be  6*8  square  feet. 

Of  course  the  supposition  of  the  compression  taking  place  only  vertically 
under  the  wall,  is  merely  tnade  for  the  purpose  of  illustration ;  and  as  the 
amount  of  compression  would  be  gradually  diminished  as  the  dbtance  from 
the  wall  increased,  the  actual  sectional  area  under  compression  would  be 
probably  considerably  greater  than  6  square  feet. 

Assuming,  however,  that  it  would  be  6  square  feet  ae  above,  and 

that  the  earth  under  compression  would  take  a 
pyramidal  shape  {see  sketch)  (with  the  sides 
inclined  45^  to  the  vertical)  in  consequence  of 
the  distribution  of  pressure  due  to  the  toughness 
of  the  earth,  if  a;  be  the  depth  of  the  bottom  of 
this  triangular  portion  below  the  wall,  thus — 
a;  (a;  +  1)  =  6,  and  solving  the  equation 
a;  +  ^  =  f ,  a;  =  2. 
The  real  history  of  the  compression  probably  lies  somewhere  between 
these  two  extreme  hypothetical  cases,  and  might  be  represented  roughly 
by  the'  sketch,  the  first  few  inches  of  compression  being  obtained  by  the 
sides  of  the  wall  cutting  through  tiie  day,  and  the  further  amounts  by  the 
compressions  distributed  over  a  larger  area  by  the  toughness  of  the  day. 
I  give  these  suggestions  as  to  the  manner  in  which  the  compression 
takes  place  in  the  clay  as  they  occur  to  me ;  they  will  of  course  be  taken 
for  what  they  are  worth.  In  so  far  as  they  are  theoretical,  they  are  pro- 
ably  not  of  much  value,  but  they  may  serve  to  aid  the  conclusions  of  those 
wide  experience  fits  them  to  theorize  with  authority. 

As  it  may  be  interesting  to  know  the  amount  of  pressure  under  which 
the  clay  was  found  to  lose  one-eighth  its  volume  by  compression  when 
pressed  in  a  vice,  I  give  the  following  calculation : — 
Pitch  of  screw  ^iadi. 
Length  of  lever  arm  1^  feet. 
Diameter  of  screw  1|  inch. 
I  estimate  the  force  I  exerted  on  the  lever  arm  as  about  100  ftii.  =  P, 
allowing  only  for  the  friction  exerted  between  the  threads  of  the  screw— 
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P  —  =  Q  tan  (L  +  Q)  »  where  L  is  the  inclination  of  the  acre^,  Q  tiie  mdi- 

ing  angle  of  lesiBtance* — 

a  =  lever  arm  of  P. 
r  ss  radios  of  screw. 

L=  tan   -r^^^^ — HI of  Bcrew=  tan-*II  =  tan-«  =  -081=5'. 

circamference  4-5 

And  the  valne  of  Q  for  iron  against  iron  j/i  abont  10°. 

'  Log  100  =  2 

„  144  =  21588625 
10 


141588625 


Log  7         =      -8450980 
„  tan  15''  =    9-4280525 

10'27dl505 


LogQ         r=    8*8852120    Q  as  7647*6  lbs.  =  8*4  tona. 

Say  3  tons  id  allow  for  the  other  snrfaoes  under  friction  not  taken  account 
of  in  aboTe  formnla,  and  this  force  was  brought  upon  ^  square  foot,  and 
would,  therefore,  represent  9  tons  per  square  foot. 

W.  L.  G. 


Note  by  Colonel  Albz.Tatlob,  B.B.,  Chief  Engineer,  Military  Worb, 

This  is  a  rery  interesting  report.     The  ezperiment  was  well  devised 
and  has  been  carefully  carried  out  and  fully  reported. 

The  experimental  ramming  referred  to  in  Lieut  Greenstreet's  report 
was  calculated— 
(a).    To  demonstrate  clearly  that  in  the  sereral  stations  in  which  large 
building  operations  have  to  be  carried  out  by  this  branch,  the 
resisting  powers  of  the  soil  differ  greatly. 
(b).    To  establish  also'that  similar  differences  occur  in  the  same  station, 
(e).    To  bring  home  to  all  concerned,  the  importance,  in  the  case  of  all 
buildings,  of  consolidating  the  soil  at  the  bottom  of  the 
foundation  trenches  to  the  full  extent  that  can  be  effected  by 
hand  ramming  before  laying  the  foundations  of  the  walls. 
Attached  to  this  note  is  given  the  result  of  the  experiments  so  far  at 
they  hare  been  reported. 

•  Tniadea's  Vnetietl  Heohanlca. 
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It  will  be  Been  that  it  was  not  found  to  be  praeticable  at  Hoiadabad  to 
effect  macli  oompresBion  of  the  soil  in  this  way,  showing  its  powers  of  re- 
Bistance  to.be  greatly  in  ezoess  of  that  at  I^bad  and  Allahabad.  This 
should  be  clearly  borne  in  mind  in  attempting  to  deduce,  from  the  experi- 
ments now  reported,  a  safe  load  for  fhtore  adoption. 

The  meet  remarkable  fact  which  the  experiment  brings  to  light  is  the 
▼ery  great  difference  in  the  bearing  power  of  this  strong  soil  m  the  very 
small  area  of  9^  x  6'  {see  Lient.*Ck)l.  Perkins'  letter).  Under  the  load 
of  8  tons  per  square  foot,  the  compression  varied  from  2*1  inches  to  9*8 
inches,  and  this  nnder  drenmstances  eminently  calcolated  to  secore  an 
eyen  settlement.  It  is  clear  from  the  report  of  the  Execntiye  Engineer, 
that  neither  the  appearance  of  the  soil,  nor  the  information  in  regard  to 
its  quality,  which  he  acquired  from  having  it  punned  for  two  days  with 
heavy  rammers,  led  him  to  anticipate  that  its  bearing  powers  were  so 
inferior  under  the  north  wall  generally,  and  so  greatly  inferior  under 
its  west  end. 

The  next  point  to  be  kept  in  mind  is,  that  the  experiment  extended 
over  a  very  small  period  of  time.  The  loading  was  commenced  on  the 
12th  July,  and  unloading  was  entered  on  the  16th  September,  1873. 
There  can  be  no  question  that  had  the  loads  been  allowed  to  remain  in 
force  for  a  long  time,  very  greatiy  increased  moyements  would  have  re- 
sulted. This  will  probably  be  accepted  on  all  hands ;  but  there  is  no 
want  of  large  buildings  to  be  referred  to  in  which  for  some  years  after 
their  completion  there  were  no  cracks  or  signs  of  movement,  but  which 
afterwards  began  to  subside  irregularly,  and  exhibit  rents  more  or  less 
.  unslightly  and  causes  of  anxiety. 

To  me  it  seems  Lieut-Ool.  Perkins*  letter  establishes  sufficiently  that 
in  the  case  of  the  strong  soil  of  Moradabad,  it  would  not  be  prudent  to 
load  the  foundation  trenches  of  a  long  building  with  a  greater  weight  then 
0*964  tons  per  square  foot,  for  it  has  not  been  ascertained  that  the  soil 
on  which  the  experiment  was  made,  represents  fairly  the  weak  parts  of 
the  Moradabad  surface,  and  it  is  shown  that  that  is  a  load  which  would  be 
only  suitable  to  Uie  soil  experimented  on,  if  its  action  were  limited  to  a 
short  space  of  time. 

From  a  consideration  of  the  foundations  of  many  existing  buildings, 
some  of  which  are  obviously  much  too  narrow,  and  others  of  which  are 
perhaps  nearly  sufficient,  I  am  satisfied  that  in  our  plain  stations,  such  as 
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Cawnpore,  Allahahad  and  I^fsabad,  it  is  not  prudent  to  plaee  the  maio 
WillB  of  doable-stoieyed  bernokB  on  foandaiions  of  leas  width  than  9  feet, 
and  this  after  effecUiig  all  that  consolidation  of  the  bottom  of  the  founda- 
tion trenches  that  can  be  produced  by  hand-ramming  with  heayy  paTior 
rammers* 
Ihe  pressnre  on  the  soil  under  the  foundations  which  will  then  obtain, 

taking  the  maximum 
yertical  wind  pressure 
at  25  tt»s.  per  square 
foot,  and  the  load  on 
the  upper  floor  at 
90  fts.  per  square 
foot,  will  be  about  tiie 
amounts  shown  in  the  maigin,  which  have  been  calculated  from  designs 
for  a  building,  of  which  the  lower  walls  are  2^  feet  thick  and  17  feet  6^ 
inches  high ;  and  the  upper  walls  1  foot  10^  inches  thick  and  20  feet  high 
to  the  bottom  of  the  tie-beam. 


iBctmlliig  a  load  on  the 

npiNr  Aoor  of  10  Ba.  and 

a  vartioal  wind  pnanxe 

of  IfBi.  per  ■qnaxa 

foot* 

Omitting  load 

on  floor  and 
aUvindprana. 

Load  on  the  foQo- 
datioB  a«HlMB  of 
Bwin  wall  in  tent 

OM 

0*71 

Reported  remUt  of  expenments  made  on  the  compressibility  of  the  soil  m 
certain  Statiohs,  at  from  2i  to  4  feet  below  the  surface^  as  tested  by 
handHTommng. 


Name  of  station. 

OOBPEnuov  or  rem 

SOIL  XM  DfCHSB. 

* 

Leaet  re- 
ported 

OreatMt 
reported* 

Fyiabsd,        •••       ••• 

0-72 

7-68 

• 

Allahabad,     

0-625 

8*0625 

Cawnpore,      •••       ••• 

0*24 

0*84 

Moradabad,     •••       ••• 

024 

1*08 

S&wal  Pindi, 

0-86 

0-72 

Note  by  Major-Gbkbbal  Albx.  Tatlob,  Offg,  Secy,  to  Govt,  of  Pwijabj 

P.  W.  Department, 

It  is  obseryed  that  in  the  conclusions  arrived  at  in  Bengal  in  regard 
to  the  weight  that  may  properly  be  placed  on  foundation  trenches  in  the 
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alliiTial  soil  of  that  Ph>Tinoe,*  a  faetor  for  safety  has  no  place.    It  is 
practically  asanmed — 

(a).    That  the  compression  which  was  reached  in  a  few  days  woold 
not  be  materially  increased  were  the  load  aOowed  to  act  for 
years. 
(&).    That  the  soil  at  Acra,  at  the  precise  place  where  the  experiments 
were  made,  is  not  superior  in  its  power  of  supporting  a  load 
to  the  allayial  soil  of  Calcatta  or  other  parts  of  BengaL 
On  the  other  hand,  the  Moradabad  experiment  shows  condnsiydy  that 
at  that  station,  (where  the  soil  is  of  a  most  excellent  and  firm  character,) 
the  gronnd  yields  under  pressure  exceedingly  unequally,  even  in  places 
only  a  few  feet  apart 

The  table  at  the  foot  of  the  note  by  the  Chief  Engineer,  IGlitary 
Works,  also  shows  that  in  different  stations  the  p6wer  of  soil  to  resist 
pressure  differs  greatly ;  while  the  histofy  of  numerous  large  buildings 
in  Northern  India,  clearly  establishes  that  foundations  which  haye  satis- 
factorily carried  them  for  a  considerable  period  haye  in  time  yielded,  and 
caused  yeiy  serious  rents  in  the  walls. 

In  supersession  of  former  orders,  it  is  directed,  as  regards  this  Pro- 
yince,  that  in  soil  which  admits  of  being  consolidated  by  ramming,  the 
foundations  be  always  thoroughly  punned  with  heayy  rammers,  and  the 
load  on  them  limited  to  jths  of  a  ton  per  square  foot. 

A.T. 


*  Fidt  No.  CLXXI.,  Profciiioiu]  Ftpeta  on  IndiM  Bnciaserinc,  Second  Seri«i. 
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No.  COXXXIV. 


GANGES  RIVEE  TRAINING  WORKS  OF  THE  LOWBB 

GANGES  CANAL. 

if'ide  Plates  XXXL,  XXXIL  and  XXXHI.] 


Bt  Major  H.  Hblbhax  Jonrs,  R.E. 


Tbi  worb  which  it  ia  proposed  to  describe  in  the  present  paper  sie 
situated  on  the  left  bank  of  the  Ganges  between  Rajghat  and  Naron- 
Rajghat  is  the  place  where  the  Ondh  and  Rohilkhand  Railwaj  crosses 
the  Ganges  between  Aligarh  and  Ohandansi.  Narora  is  four  miles  be- 
low Rajghat,  and  is  the  site  of  the  wdr  intended  to  turn  the  waters  of 
the  Ganges  into  the  new  canal  caUed  the  Lower  Ganges  danal. 

The  works  in  qnestion  were  demgned  to  serre  a  donble  pnrpose;  fisi 
Jlrstf  to  straighten  the  conrse  of  the  riTer,»which  before  their  oonstroctiim 
was  Tory  crooked,  and  secondltff  to  prevent  the  flood  wators  of  the  Gaoge^f 
when  raised  abore  their  natoral  lerel  by  the  oonstmction  of  the  weir,  from 
finding  an  ontlet  over  the  low  country  on  the  left,  or  eastern  bank,  and  oat- 
flanking  the  weir  altogether.  That  this  latter  danger  needs  to  be  gosided 
against  even  more  than  is  generally  necessary  in  such  cases,  will  be  seen 
on  an  inspection  of  the  cross  section  of  the  Ganges  Talley  given  in 
Plate  XXXL  It  will  be  observed  that  the  present  conrse  of  the  stream 
is  by  no  means  in  the  lowest  part  of  the  valley,  but  that  a  few  nules  to  the 
eastward,  there  is  an  old  bed  on  a  much  lower  level  than  that  in  which  the 
river  now  flows.  Should  the  river  break  out  to  the  east,  it  might  lead 
to  an  entire  diversion  from  its  present  course,  or  at  any  rete  an  enormous 
amount  of  damage  might  be  done  by  the  flood  watere  pouring  down  into 
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LimiU  ^r  ordinary  flood. 
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the  low  oonntiy.  Snoh  an  erent  did  oocnr  somewluit  higher  np  the  river 
m  few  years  ago,  bat  the  present  writer  is  not  aware  of  the  predse  posi- 
tion of  the  outbreak,  nor  of  the  details  of  the  event.  The  water  which 
then  escaped  from  the  present  coarse  of  the  Ganges  did  much  damage 
in  the  low  level  bed  (known  as  the  Hahewar  Nadi)  to  the  eastward.  It 
18  understood  that  some  measares  to  prevent  a  recarrence  of  the  disaster 
were  taken ;  whether  snffident  or  not  remains  to  be  seen.  At  any  rate, 
it  is  qnite  dear  that  soch  an  event  ocoarring  in  the  neighbonrhood  of  the 
weir,  woald  be  highly  dangerous  and  this  was  one  of  the  reasons  nrged  in 
1872,  by  Lient-Colonel  Henry  Brownlow,  (then  Offg.  Chief  Engineer,) 
against  a  redoction  of  the  length  of  the  Narora  weir  from  4,000  to 
3,000  feet,  as  proposed  by  Colonel  Bundall. 

In  order  to  serve  the  doable  purpose  above  referred  to,  the  works  con- 
sist of  two  parts  :— 

1.    An  embankment  running  along  the  edge  of  the  khadir  land, 

called  the  left  embankment. 
2«    A  system  of  groynes  placed  at  right  angles  to  the  lateral  embank- 
ment and  projecting  into  the  river ;  serving  to  drive  the  stream 
over,  and  subsequently  to  keep  it  from  returning  to  its  former 
course,  Bad  endangering  the  embankment. 
Plate  XXXn.,  Figs.  1  to  6,  will  render  the  description  intelligibly. 
Fig.  1  shows  the  condition  of  the  river  in  1870,  when  the  first  project 
for  the  canal  was  being  drawn  up. 

Fig.  2  shows  the  course  of  the  river  in  the  spring  of  1873,  if  hen  the 
works  were  begun,*  and  the  remaining  figures  show  the  state  of  the  river 
in  the  beginning  of  eadi  succeeding  year  up  to  the  present  time. 

Combmed  with  the  permanent  works  tree  spurs  have  also  been  used, 
and  in  some  instances  very  successfully.  They  are,  however,  only  tempo- 
raiy  expedioits  and  cannot,  unsupported  by  other  works,  be  expected  to 
secure  permanent  results* 

The  right  bank  of  the  river  is  high  and  permanent,  being  composed 
chiefly  of  strong  clay,  and  it  is  strengthened  by  beds  of  kankar  which 
ars  found  at  the  headlands  of  Earanbas,  Bajghat  and  Ramghat.  The 
present  left  bank  is  low  and  composed  of  sand,  and  the  actual  left  bank  of 
the  Ganges  valley  is  12  to  14  miles  to  the  eastward.  No  donbt  the 
river  has  at  different  times  wandered  between  these  wide  limits. 

*  Tha  wdr  worki  w«rt  tagnn  ia  Umli  iKS. 
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It  will  be  seen  {Fig.  1)  that  in  1870  the  rirer  ran  close  nnder  the 
high  bank  off  the  Tillage  of  Nayabas,  (above  Rajghat,)  forming  a  deep 
bay,  and  that  it  then  crossed  the  river  and  formed  a  deep  bay  on  the  left 
bank  of  the  village  of  Farfdpnr.  Before  1878  there  had  been  a  great 
improvement  This  was  partly  dae  to  the  tendency,  well-known  in  these 
rivers,  of  deep  bays  to  silt  np  of  themselves,  partly  to  the  works  of  the 
Ondh  and  Bohlikhand  Railway.  At  first  sight  the  nulway  embankment 
thrown  np  in  1869-70  seems  as  if  it  woald  have  acted  as  a  groyne,  bnt 
in  fact  the  flood  waters  did  not  reach  it  It,  however,  closed  several 
minor  channels  on  the  left,  or  east  bank,  and  a  number  of  brushwood 
spurs,  whidi  were  used  to  train  the  river  at  the  jite  of  the  railway 
bridge  had  also  a  good  effect  The  conditions  were,  therefore,  more 
favourable  when  the  works  were  begun  in  187S,  than  they  would  have 
been  had  it  been  necessary  to  b^gin  in  1870. 

Fig.  2  of  Plate  XXXIL,  shows  the  state  of  the  river  in  1878.  13ie 
Nyabas  bay  was  then  to  a  great  extent  dry,  and  the  course  between  Karan- 
bas  and  Rajghat  tolerably  straight,  but  there  was  a  great  loop  between 
Rajghat  and  the  village  of  Narora,  and  at  its  apex  the  bed  of  the  river 
was  a  mile-and-a-half  east  of  the  coarse  desired.  There  was  also  a  side 
channel  (not  shown  on  the  plan)  following  the  course  of  the  stream  of 
1870.  This  did  not  run  in  the  cold  weather,  but  there  were  pools  of  water 
along  its  course. 

The  works  proposed  in  1878  were— 

A  part  of  the  left  embankment  from  the  rttlway  bank  near  Hiranpur  to 
the  root  of  No.  2  groyne.  Also  three-quarters  of  a  mile  of  the  embank- 
ment from  the  left  flank  of  the  Narora  weir  upwards. 

Two  groynes  Nos.  1  and  2. 

A  tree  spur  just  below  the  Rajghat  railway  bridge. 

These  are  shown  in  dotted  lines  on  Fig.  2  of  Plate  XXXIL 

The  embankment  was  laid  out  so  as  to  keep  on  firm  soil,  and  its  align- 
ment was  thrown  back  1,000  feet  to  the  east  of  the  left  wing  of  the  Narora 
weir,  so  as  to  keep  it  clear  of  heavy  scour  during  floods.  The  top  of  the 
bank  was  fixed  5  feet  above  the  probable  H.  W.  H.  of  floods,  after  the 
completion  of  the  weir.* 

The  top  width  15  feet  with  front  and  back  slopes  of  ^  and  |  respectively. 

•  ThliUaBiattflrwhichitiB«lfflogtimpoMibl«toealoiUAteoorrntIj,aiidtbet^ 
beniaad.    ThiioanbeiaoerUiiieduUieirelrtogradnaUynlfladtofallfadgbt. 
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The  groynes  were  designed  with  their  top  level  the  same  as  that  of  the 
embankment  at  the  point  from  which  they  spring.  Top  width  of  10  feet 
(sabseqnently  increased  to  15  feet),  and  both  side  slopes  ^.  No.  1  was 
2,800  feet  in  length,  No.  2  about  the  same. 

Of  these  two  groynes  only  No.  1  was  sanctioned,  as  the  short  time  re- 
maining before  the  floods  did  not  allow  of  both  being  made.  Indeed, 
No.  1  was- only  got  up  ?rith  great  difficulty  amidst  the  furious  hot  winds 
which  preyailed  in  that  season.  The  expedient  of  usiDg  screens  of  arha 
had  to  be  resorted  to,  to  get  it  up  at  all.  These  screens  were  set  up  along 
the  line,  and  the  bank  brought  up  three  or  four  feet  under  shelter  of  them. 
They  were  then  set  up  on  the  top  of  the  bank  so  formed  which  was  again 
raised  as  much  as  possible,  when  a  second  move  was  made,  and  so  on. 
The  groyne  consisted  of  pure  white  sand,  nothing  else  being  ayailable.  The 
thin  deposits  of  mud  usuaUy  found  in  these  riyers,  and  which  serre  to 
oover  the  surface  after  the  section  is  formed,  were  not  to  be  found,  and  it 
was  necessary  to  collect  grass  roots  and  put  them  in  on  the  up-stream  slope 
and  to  keep  up  the  arha  hedge  for  the  protection  of  the  crest.  In  the 
next  season  these  mud  deposits  were  found  in  the  bay  formed  by  the  groyne, 
in  sufficient  quantity  to  soil  the  whole  of  it  effectually. 

There  was  no  difficulty  in  constructing  the  main  lateral  embankment. 
The  ground  to  be  coyered  by  the  bank  and  that  used  for  borrow  pits,  was 
carefnlly  stripped  of  its  turf  and  alluyial  soil,  Asd  the  material  so  obtained 
was  presenred  for  soiling  the  bank,  and  in  most  places  was  sufficient. 

The  head  of  the  groyne  was  made  on  the  plan  described  in  the  2nd  Vol. 
of  the  Boorkee  Treatise  on  Ciyil  Engineering,  as  having  been  used  on  the 
Oandak,  and  which  is  shown  on  JPkUe  XXXIII.  The  stakes  were  driven 
12  feet  below  low  water.  They  were  driven  by  means  of  the  Swiss  pile 
driver,  described  by  Lieut.  T.  J.  Bucknill,  in  the  18th  Vol.  of  the 
Professional  Papers  of  the  Corps  of  Royal  Engineers.  These  pile 
drivers  have  been  largely  used  on  the  Narora  works,  and  found  very 
useful.  In  1875,  however,  some  light  wrought-iron  ringing  engines  which 
had  been  used  at  Narora  were  available.  They  were  used  and  did  the  work 
much  more  quickly.  They  are  provided  with  movable  beds  and  flanged 
runners,  so  that  they  are  very  easily  moved.  With  the  Swiss  piler,  a  good 
deal  of  time  is  lost  in  getting  the  pile  set  up  traly. 

The  space  between  the  double  lines  of  stakes  was  filled  with  block  kan- 
kar  alternating  with  fascines  in  beds  two  feet  thick  of  each.    The  fascines 
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were  mide  of  taamriek  (jhdo)  jangle  cat  near  the  riTer,  and  made  op 
preciaely  like  those  ased  in  field  fortification.  The  block  kaokar  had  to 
be  brought  bj  railway  from  near  Aligarh,  and  carted  from  Bqghat.  It 
was  therefore  costly,  and  one  of  these  groyne  heads  can  not  be  made  here 
mnch  nnder  Ss.  12,000. 

A  tree  spar  was  made,  resting  on  the  east  abntment  of  the  laihray 
bridge,  and  extending  1,200  feet  in  the  direction  of  the  Tillage  of  NodiL 
It  was  hoped  that  this  spar  wonld  divert  the  early  floods  into  the  diannel 
passing  Nodai.  It  did  not  effect  this,  possibly  becaase  there  was  a  day 
bank  leading  to  the  temporary  railway  bridge  whidi  had  a  contrary  effect, 
and  this  clay  bank  was  not  removed  by  the  railway  Engineers  tifi  May 
1874.  After  its  removal,  the  flow  in  this  channel  increased,  though  the 
tree  spar  no  longer  existed.  Thiis  tree  spar,  however,  greatly  assisted  the 
action  of  No.  1  groyne  daring  the  floods  of  1878,  and  helped  to  throw  the 
action  of  the  flood  on  the  large  island. 

There  was  a  deep  scoor  off  the  head  of  No.  1  groyne  in  Joly  187S,  but 
the  groyne  head  stood  it  admirably,  though  some  repairs  were  needed.  A 
Bub-Overseer  and  a  party  of  men  lived  on  the  spot.  At  one  time  the  flood 
swept  round  the  groyne  head  and  attacked  the  down-stream  slope.  This 
was  met  by  using  trees  to  protect  the  part  attacked,  and  by  a  small  tree 
spur  attached  to  the  down-stream  side  of  the  head. 

Fig,  8  shows  the  result  of  the  work  done  in  1873.  It  will  be  ob- 
served that  the  absence  of  the  second  groyne  was  a  serious  eviL  Hie 
flood  stream  driven  against  the  large  island  by  the  Rajghat  spur  and 
No.  1  groyne,  re-bounded  over  the  site  of  the  proposed  second  groyne  and 
settled  into  a  cold  weather  stream  further  east  than  in  the  previous  sea- 
son at  this  part.  Consequently  the  No.  2  groyne  could  not  be  carried 
to  its  full  length  in  1874.    It  could  only  be  made  2,800  feet  long. 

In  the  cold  Reason  of  1878-71,  the  work  done  comnsted  of  an  ex- 
tension of  the  left  embankment  to  the  root  of  No.  2  groyne ;  the 
construction  of  No.  2  groyne  and  of  a  tree  spur  800  feet  long  attached 
to  the  head  of  groyne  No.  1.  It  was  hoped  that  this  tree  spur  wonld 
cause  the  eastern  channel  to  silt  up,  and  allow  the  new  groyne  to  be  carried 
to  the  length  proposed  in  1873,  but  its  action  was  not  rapid  enough  for 
this,  and  the  g^yne  has  to  be  stopped  at  2,800  feet,  as  above-mentioned. 
Later,  when  the  floods  b^an,  it  greatly  assisted  the  action  of  No.  2  groyne. 
The  head  of  No.  2  was  precisely  similar  to  that  of  No.  1  groyne. 
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It  was  at  first  intended  to  propose  an  extension  of  No.  1  groyne,  bat 
this  idea  was  abandoned  becaase,  being  intended  to  senre  as  a  part  of  the 
permanent  system  of  works,  it  was  not  thongjkt  prudent  to  advance  the 
liead  too  near  to  a  line  joining  the  left  abutments  of  the  bridge  and  weir. 
It  lies  about  1,400  feet  clear  of  a  line  joining  them,  and  the  heads  of  the  . 
other  groynes  were  retired  to  the  same  distance  from  this  line. 

In  the  early  part  of  the  floods  of  1874,  No.  2  groyne  was  exposed  to 
s  asTere  trial.  The  floods  at  first  kept  to  the  eastern  cold  weather  stream 
and,  as  the  last  300  feet  or  so  of  the  groyne  had  the  stream  running  nearly 
parallel  to  it,  there  was  a  severe  scour.  This  was  met  by  fixing  trees 
along  the  face,  and  by  a  small  spur  of  stakes  and  brushwood  run  out  tip- 
aiream.  Two  cross  spurs  of  sand  (shown  in  Fig,  6),  with  heads  of  stakes, 
brushwood,  and  a  little  kankar,  had  been  made,  and  prevented  the  water 
ponded  up  above  from  running  along  the  face  of  the  groyne.  The  down- 
stream one  prevented  any  action  similar  to  that  on  No.  1  groyne  in  1873.* 
The  flood,  however,  rushed  round  the  groyne  head  with  great  force,  and  the 
lead  frequently  showed  a  depth  of  40  feet  quite  close  to  the  oribwork. 
The  up-stream  nose  first  subsided,  thus  performing  its  office. 

Later  (on  8rd  July)  the  horse-shoe  of  oribwork  was  partly  breached  and 
part  of  the  neck  fell  in,  owing  to  the  depth  of  water  on  the  up-stream 
side,  but  the  Bub-overseer  (who  lived  on  the  spot)  was  able  to  prevent 
a  complete  breach  between  the  head  and  the  body  of  the  groyne,  by  using 
trees,  &c.  A  few  days  later  the  action  of  the  groynes  in  silting  up  the 
bay  between  them  began  to  tell  and  increased  very  rapidly,  so  that  in 
August  a  small  boat  could  not  pass  down  what  had  been  the  main  chan- 
nel. Ultimately  the  cold  weather  stream  receded  to  3,600  feet  east  of  the 
groyne  head,  as  shown  in  Fig.  4. 

Fig.  4,  compared  with  Fig.  3,  shows  the  erosion  of  the  large  island 
in  the  floods  of  1874  to  have  been  very  considerable.  Owing  to  the 
shortness  of  No  2  groyne,  a  point  was  left  just  below  the  prolongation 
of  this  groyne,  and  the  deep  stream  was  deflected  towards  the  old  hamlet 
of  Oangabas,  and  then  re-bounded  in  the  direction  of  the  right  flank  of 
the  weir ;  leaving  a  large  piece  of  land  in  front  of  the  eastern  part  of  the 
weir. 

In  the  cold  weather  of  1 874-75,  No.  2  groyne  was  extended  1,800 
feet,  making  a  total  length  of  4,600  feet,  and  a  nevr  head  was  made,  the 

•  This  action  oocanod  bat  merely  caneed  eome  dftmege  to  the  heed  of  the  aroee  epnn. 
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arulable  materials  of  the  old  one  being  ntilized.    The  main  eml 
was  also  extended  as  shown  in  Fig,  5. 

It  was  expected  that  this  extension  of  the  grojne  wonld  cause  the 
of  the  island  opposite  No.  2  groyne  to  be  considerable,  and  also  caose  tlie 
main  stream  to  impinge  near,  and  cut  away  the  point  opposite  Naror»  Til- 
lage, and  force  the  stream  to  pass  in  a  nearly  straight  line  from  off  No.  2 
groyne  to  below  the  weir.    This  expectation  was  realized.     A  tree  spur 
was  nsed,  attache's  to  the  new  head  of  No.  2  groyne,  and  the  combined 
action  of  these  works  was  very  rapid  and  effective.     Long  before  the  end 
of  the  floods,  the  Qangabas  bay  was  getting  dry,  and  the  main  streaaa 
impinged  on  the  desired  point,  and  by  its  action,  aided  by  gangs  of  men  who 
were  employed  to  loosen  the  grass  and  roots  on  the  bank,  remoyed  a  \mrge 
quantity  of  soil  which  would  otherwise  have  had  to  be  excavated.    This 
saved  a  considerable  sum  of  money,  and,  what  was  of  more  importance, 
allowed  the  stream  to  run  in  a  straight  course  over  the  line  of  the  weir* 
In  previous  seasons  there  had  always  been  a  set  into  the  right  bank  abora 
the  canal  head  and  weir  sluices,  and  the  water  running  out  ronnd  the 
bund  enclosing  the  sluices  had  scoured  deep,  and  thus  hindered  the  works 
Thirty  feet  of  water  had  often  been  measured  in  the  cold  season  at  places 
where  it  was  desired  to  lay  kerbs  and  sink  wells.     At  the  beginning  of  tha 
cold  season  of  1875,  the  river  had,  owing  to  its  running  in  a  tolerably 
straight  course,  assumed  a  very  regular  section  with  a  moderate  dep^ 
everywhere,  was  easily  manageable,  and  offered  no  obstacle  to  an  eariy 
commencement  of  work  in  completing  the  line  of  wells  for  the  weir.   This 
was  accordingly  taken  in  hand  in  October,  and  the  line  completed  from 
bank  to  bank  in  March  following. 

In  the  season  of  1875-76,  the  system  of  main  groynes  was  completed 
by  the  construction  of  No.  3  groyne,  in  a  way  precisely  similar  to  the  others 
and  by  throwing  out  two  small  groynes  Nos.  4  and  5  from  the  embank- 
ment near  the  left  flank  of  the  weir.  These  two  last  were  intended  to 
prevent  any  lateral  scouring  action  on  the  left  embankment  during  floods* 
No.  3  groyne  was  required  to  secure  what  had  been  gained  in  the  previous 
season,  as  well  as  to  protect  the  left  embankment.  The  embankment  was 
also  completed  in  this  season. 

In  the  floods  of  1876,  there  was  no  very  severe  action  on  the  groynes. 
The  erosion  of  the  main  island  continued,  and  was  accelerated  by  keeping 
a  large  gang  of  men  at  work  opposite  groyne  No.  2. 
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Cuts  had  been  made  daring  the  cold  weather  to  oondact  the  flood  waien 
to  the  left  or  eastern  part  of  the  weir,  and  daring  the  floods,  gangs  of 
men  were  kept  at  work  loosening  the  soil,  both  abore  and  below  the  weir, 
and  thas  promoting  the  scoaring  action  throagh  them,  and  also  ontside 
on  the  left  bank  of  the  old  stream.  The  result  is  seen  on  comparing 
Fig.  6  with  Fig.  6. 

In  the  present  season  there  remains  nothing  to  be  done  to  complete 
the  system  of  works  as  at  first  proposed,  bat  it  is  intended  to  throw  np 
acme  small  sand  groynes  between  the  main  ones,  to  check  the  movement 
of  water  daring  floods  and  thns  accelerate  the  silting  np  of  the  bays 
between  the  main  groynes,  which  may  be  expected  gradually  to  go  on 
no  til  the  soil  reaches  the  lerel  of  high  floods,  and  is  all  covered  with 
jungle.  When  this  shall  hare  been  accomplished,  the  embankment  will  be 
well  protected  against  scour,  and  it  will  only  be  necessary  to  keep  it  in 
repair  and  free  from  rat-holes,  &c.,  to  provide  against  extraordinary  floods. 

MXEBUT,  ) 

Y  H.  H.  J. 

lOth  March,  1877.    ) 
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DISCHARGE    OP    CANALS. 


By  Caft.  Allan  Cunningham^  B.E.^  Eony.  FeL  of  King* 9  CoL,  Lond. 


[Pr<^tfe.^-In  this  Paper  is  embodied  the  experience  gained  in  extensive  HydraoJie 
Experiments  performed  ander  the  writer's  enperintendence  in  cold  season  of  1874-75, 
and  from  December  1876  till  the  present  time.  It  is  published  as  a  suggestion  to- 
wards obtaining  nnif  ormity  of  procedure  in  Discharge-measurement  on  Indian  Canals]. 

1.  Discharge.— The  measurement  of  the  Disohabob  of  a  Canal 
actnally  running,  is  an  element  of  prime  importance  in  Irrigation  economy. 

In  consequence  of  the  approximate  regularity  of  the  beds  of  Canals, 
and  of  their  comparatiyelj  small  size,  much  greater  accuracy  is  obtainable 
in  the  estimation  of  the  Discharge  of  a  Canal  than  of  a  large  River. 

Different  methods  are  applicable  according  to  the  size  of  the  Canal  in 
question.  For  this  purpose  they  are  conveniently  classed  under  the  heads 
of  '<  Small  Canals*'  and  <'  Large  Canals." 

2.  Small  Canals. — Experiments  were  made  in  France  by  MM. 
Darcy  and  Bazin  for  a  great  length  of  time  on  small  experimental  canals 
of  about  6  feet  width  under  Buch  yaried  conditions  of  bed,  banks,  and 
slope,  that  the  measurement  of  Discharge  of  small  canals  may  now  be 
made  with  considerable  care  and  accuracy  by  help  of  their  results. 

The  Results  of  their  Experiments  may  be  summed  up  in  following 
formulas : — 

Let  r  =  Hydraulic  Mean  Depth  of  any  cross-section  infui. 
A  s  Area  of  that  cross-section  in  square  feet, 
S  =  Slope  of  water-surface  at  that  cross-section. 
==  Fall  of  water  surface  in  any  distance  -7-  by  that  distancei 
both  dimensions  in  same  lineal  unit,  e.^.,  in  feet. 
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V,  =:  Maximum  (or  Central)  Surface  Velocity  at  tbat  cross-sec- 

lion  in  feet  per  second. 

y  =  Mean  Velocity  tliroagh  that  cross-section  in  feet  per  second. 

D  =  Discharge  through  that  cross-section  in  cubic  feet  per  second, 

0}  0  uro  certain  (yariable)  coefficients  depending  on  the  hydraulic 

mean  depth  and  nature  of  banks  and  bed. 

Then  the  formulce  are,  D  =  AV, (1). 

V  =  C  VTS,  where  C  =  n/i-^-^  (a+-l-)  (2), 

where  a,  fi  are  certain  numerical  coefficients  depending  on  the  nature 
of  banks  and  bed,  whose  values  are  given  in  Table  I.,  for  the  four  cases 
given  by  Darcy  and  Bazin. 

V  =  c.  v,,  where  c  =  q  ^25 8 > f^)' 

Thus  the  Discharge  may  be  obtained  by  observations  of  two  distinct 
kinds  :— 

(1)  of  slope  (8),  and  hydraulic  mean  depth  (r). 

(2)  of  central  surface-velocity  (vo). 

Method  L  (Data  8  and  r.) — In  small  canals,  the  average  slope  of 
bed  is  (when  uniform  through  a  great  length)  very  closely  the  same 
as  the  surface-slope,  (except  near  the  head,  where  the  motion  is  not 
uniform)  :  this  permits  of  the  "  bed-slope  "  being  used  (for  8)  instead 
of  the  '*  surface-slope,"  (which  is  in  strictness  the  quantity  represented 
by  8.)  This  enables  an  estimate  of  the  Discharge  that  may  be  expected 
from  Sk  given  small  canal  (in  which  of  course  the ''  bed-slope ''  and  *' hydrau- 
lic mean  depth "  are  known)  to  be  estimated  d  priori  with  some  con- 
fidence,—a  matter  of  considerable  importance, — by  use  of  formula  (2). 

When  a  small  canal  is  actually  running,  observations  of  the  actual 
"  surface-slope  "  may  be  made,  and  this  quantity  may  be  used  for  8  in  for- 
mula (2),  but  the  convenience  and  correctness  of  the  other  method  fol- 
lowing, (Method  ii,)  are  so  much  greater,  that  this  is  seldom  resorted  to. 

The  value  of  C  is  given  in  Table  I.  below  for  values  of  r  <  20',  so 
that  only  the  quantity  O  *>/  ^^  requires  to  be  calculated  for  such  cases. 
Even  this  labour  may  be  saved  in  ordinary  cases  by  the  use  of  Tables* 
suited  for  the  purpose. 

•  *•  TablM  of  BAJbtliA  Velocities  and  Difchargee, "  by  the  premit  writer,  ehowing  raliiee  of  V  end 
D  mtenleted  by  formala  (2)  fbr  tartken  trapuotdai  ehamult  for  bed-widths  1'  to  8(K,  depths  I'  to  V, 
and  falls  (K'M  to  ^  in  A,00(K.  Three  enles  hare  been  pablisbed  for  sideHdopes  of  1|  to  1, 1  to  1,  and 
Si&l. 
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Mithod  ii.  (Datum,  Central  Surface  Velocity,  Vo). — The  sole  obser- 
Tation  required  is  a  good  measnrement  of  the  Central  Sarface-Yelocity 
freed  from  the  effects  of  time-yariations.  It  will  be  found  on  trial  that 
successiye  measurements  of  the  yelocity — eyen  if  succeeding  one  an- 
other, as  rapidly  as  the  means  admit,  and  eyen  with  all  precautions  as  to 
accuracy— differ  considerably.  This  is  to  be  attributed  to  a  great  extent 
to  real  changes*  in  the  motion  of  the  current,  and  not  by  any  means  to 
obseryation-eTTor  alone.  What  is  wanted  for  the  present  purpose  is 
eyidently  the  ayerage  yalue  of  the  central  surface-yelocity.  As  the 
calculated  Discharge  is  to  depend  on  the  measurement  of  yelocity  at  a 
single  point,  (the  centre,)  eyery  pains  should  be  taken  to  ensure  obtain- 
ing a  really  good  ayerage  yalue  of  this  quantity  freed  from  the  effects 
of  time-yariations.  At  least  20  separate  measurements  (but  the  moref 
the  better)  should  be  made,  and  their  arithmetic  mean  should  be  taken 
as  the  "  ayerage  yalue  of  the  central  surface-yelocity,"  being  the 
quantity  denoted  aboye  by  Ve.  The  mean  yelocity  may  now  be  found 
by  formula  (3).  (Y  =  c  •  t;o).  The  yalues  of  c  for  ordinary  cases 
(according  to  Bazin's  Experiments)  are  giyen  in  Table  II. 

The  instructions  as  to  Site,  Buiiy  Cross-section,  Timing,  and  Reduction 
of  Velocity,  giyen  in  the  following  Article,  in  case  of  obseryations  on 
Large  Canals,  are  applicable  to  a  great  extent  to  the  present  case  also. 

3,  LARoa  Canals. — The  Discharge  of  these  may  also  be  roughly 
obtained  by  the  same  methods  as  aboye  described  for  Small  Canals, 
but  with  much  greater  accuracy  by  measurement  of  the  '^  Mean  Velo- 
cities" past  a  great  number  of  yerticals  in  the  same  cross-section,  either 
with  "  Velocity  Rods"  or  by  "integration,  "  {see  Art.  126,  Vol.  II.  of 
Roorkec  Treatise  on  Civil  Engineering,  8rd  Ed.),  with  a  Current  Meter. 

From  a  yery  extensive  series  of  .Experiments  on  the  Ganges  Canal 
at  Roorkee,  it  has  been  established}  that, — 

'*  The  actaal  velocity  of  a  floating  thin  vertical  Rod  reaching  from  the  Barf  ace 
nearly  to  the  bed,  is  very  nearly  equal  to  the  '*  Mean  Velocity  "  of  the  ver- 
tical plane  in  which  it  moves," 

the  approximation  being  it  is  believed  at  least  as  great  as  is  obtainable 
with  any  other  instrument.    Upon  this  sole  principle,  (established  by 

*  8—  "  Hydnalio  Bxperlxnento  at  Roorkee  in  1874-7K/'  by  the  prewnt  -writer,  Arts.  S3  to  86. 
t  The  Btaxulard  niunber  need  in  the  Hydraulic  Experiments  at  Roorkee  in  1875-77  was  48. 
}  The  Bzperimeota  are  stiU  in  progreaa,  «o  that  the  fall  eyldenoe  on  this  point  has  not  yet  been 
published.  There  is  lome  eridence  to  this  effect  in  **  Hydraalic  Rxperiments  at  Roorkee  in  1874.75** 
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Experiment)  ihe  application  of  these  Rods  to  Discliarge-Measiirement 
depends.  The  rapidity  vith  which  this  Result  (the  Mean  Yelocity  in 
its  line  of  motion)  is  obtained,  far  exceeds  that  possible  by  any  other 
known  process,  except  ''  by  integration  "  with  a  Current  Meter.  The 
simplicity  and  cheapness  of  manufacture,  and  the  conyenience  of  use 
of  the  "  Velocity-Rods  "  is  so  great,  that  their  use  will,  it  is  expected, 
be  generally  adopted  for  Discharge-Measurement  in  Canals,  and  will 
alone  be  described  here. 

4.    Description  of  "  Velocity* Rod.** — The  essential  requisites  are : — 

**  The  Rod  shoald  be  loand  (cylindric),  thin,  stiff,  of  aniform  exterior,  non  absorbent 
of  water,  and  unaffected  by  hot  winds  ;  its  centre  of  gravity  should  be  oi  law  as  pos" 
iibUf  and  the  part  projecting  above  the  water  shonld  be  a$  light  at  poisible/' 

The  pattern  used  in  the  Experiments*  at  Roorkee,  in  which  all  the 
aboye  requisites  are  secured  in  a  high  degree,  is  simply  a  hollow  (cylin- 
dric)  tube  of  about  1  inch  diameter  made  of  sheet  tin  :  the  lower  portion 
(or  loaded  end)  is  formed  round  a  short  length  of  rod-iron,  the  diameter 
of  which  in  fact  determines  the  diameter  of  the  whole  tube  ;  the  length 
of  iron  used  is  such  that  its  weight  almost  submerges  the  tube  to  the 
depth  desired ;  the  fine  adjustment  being  effected  by  the  addition  of  small 
shot  by  experiment  in  still  water.  About  2  or  8  inches  is  left  project- 
ing out  of  the  water,  and  the  mouth  sealed  permanently  with  a  disc  of 
sheet  tin.     The  whole  is  painted  black  as  a  protection  from  the  water. 

They  are  made  up  in  sets  of  from  6  to  12  of  each  particular  depth  of 
immersion  required  ;  of  eyery  length,  adyandng  by  a  half-foot,  from  1 
foot  (depth  of  immersion)  to  the  extreme  depth  of  immersion  required. 

When  in  use,  they  are  laid  out  on  long  planks  with  raised  edges, 
(forming  a  sort  of  "  plank-tray  ")  to  save  risk  of  bending  by  their  own 
weight,  as  they  are  of  course  somewhat  fragile. 

Site,  4tC' — The  site  chosen  for  the  section  at  which  the  Discharge 
is  to  be  measured  should  be  a  yery  long  straight  reach,  in  which  the 
cross-section,  and  physical  condition  of  the  banks  and  bed  are  pretty 
uniform  for  a  long  distance,  as  far  as  possible  from  any  disturbing  con- 
ditions, such  as  Falls,  Outlets,  Inlets,  Piers  or  other  obstacles  in  the 
stream,  &c. 

Bun,  Pendants,  ^c. — The  essential  part  of  the  obsenration  consists 
simply  in  timing  the  passage  of  a  ''  Rod  "  (reaching  from  the  surface 

•  Th€j  are  made  by  a  oomoum  native  tliiimith  in  the  banr,  at  a  oort  of  about  two  and  ahalf 
Baa  per  lineal  foot  when  made  in  large  nvmben. 
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nearly  to  the  bed)  over  a  known  distance  as  accorately  as  possible. 
These  Rods  should  be  run  at  as  many  different  paints  of  the  cross-section 
as  time  and  convenience  admit;  the  more  numerous  these  are,  tiie 
greater  accuracy  is  attained  in  the  Besult. 

This  known  distance  (technically  called  the  ''  Run  ")  is  defined  by 
stretching  two  Ropes  across  the  stream  at  right  angles  to  the  thread  ef 
the  current  at  the  required  distance  apart.  A  distance  of  50  feet  will 
probably  be  found  the  most  convenient*  for  this  purpose. 

Pieces  of  white  Rope  (technically  termed  ^'  Pendants  ")  should  be 
attached  to  these  Ropes,  and  allowed  to  hang  from  them  nearly  down 
to  the  water-surface,  to  define  the  positions  under  each  Rope  close  to 
which  the  Rods  are  to  be  passed. 

Croee-eections, — Several  cross-sections  should  l>e  taken  by  sounding 
right  across  the  stream  :  there  should  be  at  least  three  of  these ;  viz., 
one  at  each  of  the  Ropes  which  define  the  '^  Run,"  and  one  half  way 
between;  any  others  should  be  in  pairs  at  equal  distances  (of  half 
the  length  of  the  "  Run ")  above  the  upper  Rope,  and  below  the 
lower  Rope.  The  soundings  should  be  taken  in  each  cross-section  op- 
posite  each  Pendant  on  the  upper  and  lower  Ropes,  so  that  there  will 
be  a  row  of  soundings  in  a  vertical  plane  parallel  to  the  stream  through 
each  Pendant.  The  average  of  the  depths  in  the  row  of  soundings  cor- 
responding to  each  Pendant,  is  to  be  considered  the  proper  value  of  the 
depth  at  that  Pendant,  and  is  denoted  by  A.  in  what  follows.  The 
(submerged)  length  of  the  Rod  passed  at  each  Pendant  should  be  as 
nearly  as  possible  of  this  length. 

5.  U$e  of  the  Rods.^^K  set  of  about  six  Rods  of  every  length 
required  for  use  should  be  collected  on  a  ''  plank-tray  **  in  a  boat  sta- 
tioned about  100  feet  above  the  upper  rope.  The  Rods  should  be 
delivered  vertically  into  the  water  from  the  stem  of  the  boat,  allowed 
to  slip  rapidly  through  the  hand,  and  checked  by  the  hand  just  before 
touching  the  bottom,  and  then  let  loose.  If  this  is  skilfully  done,  the 
Rod  should  leave  the  hand  in  a  nearly  vertical  position,  and  acquire  a 
state  of  relative  equilibrium  with  the  current  long  before  reaching  the 
upper  Rope.  The  Rods  should  be  invariably  the  longest  that  will  run 
freely  along  each  line.    After  the  Rods  have  passed  under  the  lower 

•  Thifwas  the  ■tandard  diitanoe  ued  in  the Xzperlmanta at  Boorkee  after  mnoh  ezperlenoe:  Ui« 
reaioM  tat  adopting  this  length  an  giTen  in  Art.  lA  of  *'  Hydraalio  Experimente  at  Boorkee  in 
1874-74." 

VOL.   VI. — fiECOND   BEB1B8.  2   Q 
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Rope,  they  shonld  be  caught  and  collected  by  help  of  a  second  Boat 
stationed  a  little  way  below  the  lower  Rope. 

Timing. — ^The  essential  part  of  this  observation  (timing)  is  in  noting 
the  instants  of  the  Rods  passing  under  each  Rope  in  succession.  A 
considerable  error  of  **  personal  equation  "  may  be  introdueed  at  this 
step,  if  not  so  performed  as  to  avoid  this  source  of  error.  The  principle 
to  be  attended  to  is  that  the  similar  observatiana  (of  whaterer  kind) 
at  the  two  Bopea  should  be  inyariably  done  by  the  same  peremi.  In  tak- 
ing the  difference  of  the  times  of  transit,  all  effect  of  personal  equation 
should  be  eliminated. 

Ex.  1.  la  using  a  stop-watch,  the  Assistant  Engineer  shoald  stand  at  the  apper 
Rope,  and  start  the  watch  himself  at  the  instant  of  transit,  and  then  himself  go  down 
to  the  lower  Bope,  and  there  stop  the  watch  at  the  instant  of  tiansit ;  being  himself  in 
this  case  the  sole  observer. 

Ex.  2.  In  nsing  a  chronometer,  one  Assistant  wonid  stand  at  the  npper  Hope,  and 
shoot  at  the  instant  of  transit,  and  then  himself  go  down  to  the  lower  Bope  and 
shont  at  the  instant  of  transit  The  other  Assistant  woold  sit  with  the  chronometer 
midway  latween  the  ropes,  and  himself  record  the  instants  at  which  he  heard  the  two 
calls. 

To  eliminate  mere  accidental  observation-errors,  the  velocity-measure- 
ment at  each  of  the  selected  points  should  be  repeated  at  least  three  times : 
the  mean  of  the  three  velocities  may  be  considered  the  "  mean-velocity" 
past  the  vertical  at  that  point  freed  from  mere  observation-error.  It 
will  be  found  that  the  three  velocities  so  obtained  generally  differ  by  a 
considerable  amount :  this  is  to  be  attributed  in  great  part  to  real  varia- 
iions  in  the  motion  of  currentf  and  not  necessarily  to  observation-errors. 

Perhaps  the  most  convenient  way  of  effecting  this  is  to  start  two  or 
three  Rods  as  rapidly  as  possible  one  after  another  from  the  upper  Boat, 
so  as  to  arrive  in  close  succession  one  after  the  other  at  the  upper 
Rope ;  their  transits  being  there  recorded,  the  observer  would  have  to 
move  down  to  the  lower  Rope  in  time  to  observe  the  earliest. 

Out  of  a  set  of  three  started  nearly  together  as  abore  described,  one 
or  more  will  probably  diverge  considerably  from  the  intended  line ; 
such  cases  should  be  simply  rejected,  no  record  being  made  in  the  Field 
Book :  one  or  more  will  in  general  pass  pretty  close  to  the  intended 
Pendant  at  both  Ropes;  the  observation  of  these  latter  Rods  only 
should  be  recorded.  It  will  be  found  that  much  time  may  be  saved  by* 
working  in  this  manner. 

*  Tbis  proe«dare  was  adopted  In  the  Hydraulic  EzpevfciBaBta  al  RoorkM  after  moch  ezperieBoe.* 
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Reductum  of  the  veloeitie$.^^ 

fi,  l«  the  chronometer  times  of  transits  at  upper  and  lower  Ropes. 
«\  t,— I,  s  interval  of  passage  throngh  the  Rnn,  which  may  be  con- 

Tenlently  expressed  ia  seconds,  or  half-seconds. 
8  =  length  of  "  Bon  '*,  measored  say  inyeel. 

TTt         '      »  f  velocity  through  the  ^  Ran ''  in  same  units  of  time 
4i  ~  <i  "*  (,     and  length  as  used  in  {tf  —  f,)  and  «. 

The  Telocity  is  usually  required  in  feet  per  second.  Much  labour  of 
reduction  may  be  avoided  by  observing  that  if  t„  t,  be  expressed  in 
kalf-seconds,  (as  would  naturally  be  the  case  with  a  half-seconds'  chrono- 

meter,)  and  »  =  50  feet,  then  the  velocity=  ; — j-  (feet  per  half-second) 

ij  —  ei 

100 

=  -7 T-  fo^  per  second^  ••  «•,  the  velocity  in  feei  per  second  =:  100  X  the 

reciprocal  of  the  time  of  passage  (taken  in  half-secoads) ;  this  may  be 
taken  (by  inspection)  from  a  Table  of  Reciprocals.  This  reduction  is 
easily  done  in  the  field. 

6.     Calculation  of  Discharge,^' 

Let  X  =  distance  of  any  velocity-measurement  from  one  bank,  or 
from  mid-channel,  infect, 
hx  =  average  depth  along  this  line  infect. 
Vn  =  observed  velocity  of  Rod  along  this  line  in  fed  per  second, 
=  mean  velocity  through  depth  hs,  in  this  line  (by  hypothesis). 
h\  b'  distance  of  line  of  next  velocity-measurement  to  right  and 
left  of  above  particular  one  (Px),  in  feet. 
Then  h^  Vx  =  (Superficial)  Discharge  through  full  depth  (Ax)  in  line  of 

Vxt  in  sq.  fL  per  second, 

h'  4-  6* 
As  Vx  .  — =  (Cnbic)  Discharge  dirougfa  segment  of  breadth  ^  (5'  +  6*) 

(Id  the  middle  line  of  which  Vx  is  measared),  approxi- 
mately,— ^provided  the  depth  throagh  this  portion  does 
not  differ  mach  from  A^. 

The  products  of  type  A.  Vx  •  — = —  are  to  be  formed  separately  for 

every  segment  of  different  breadth  ^  (A'  -f  A")  or  different  depth  (A,); 
th«  sum  of  all  such  products  is  obviously  the,— 

Total  Discharge  =  S  (a,  Vx*  — ^ — /  cubic  feci  per  second. 
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The  more  numerous  the  points  of  velocity-measurement,  the  more 
accurate  will  be  the  Result.  To  secure  the  best  Result,  these  points 
musty  however,  be  suitably  distributed.  As  a  general  Rule,  there  should 
be  one .  at  every  considerable  change  of  depth  or  figure  in  the  cross- 
section,  and  they  should  be  closer  together  when  the  velocity  changes 
most  rapidly,  t.  e.,  near  the  margins. 

For  the  purpose  of  application  of  good  approximation-formulas  in 
calculating  the  above  sum,  however,  it  is  advisable  that  the  cross-section 
be  either 

1*,— divided  into  eqnal  snb-diTisioiu  by  the  lines  of  Telocity-measniement,  in  which 
case  every  ft'  a=  ft",  (=  /3  suppose). 

2^,— divided  into  a  large  central  segment,  and  one  or  more  smaller  marginal  seg- 
ments on  either  side  o£  it :  each  of  which  should  be  separately  divided  into 
eqnal  sab-divisions  by  the  lines  of  velocity-measurement 

The  following  modes  of  sub-division  are  proposed  as  suitable  for  case 
of  Canals  which  are  usually  of  rectangular  or  trapezoidal  section,  with 
a  bed  tolerably  level  through  great  part  of  its  width.  The  number  of 
distinct  points  of  velocity-measurement  proposed  being  only  5,  7,  or  9 
in  the  three  cases  described,  should  not  unduly  tax  the  practical  Engi- 
neer. 

Rectangular  Sectton.^^In  a  rectangular  section  of  tolerably  uni- 
form depth  right  across,  by  far  the  best  sub-division  to  employ  is  into 
six  equal  parts, — as  this  admits  of  tHe  application  of  the  beet  approxi- 
mation-formula (known  as  Weddle's  Rule) :  this  requires  the  obser- 
vation of  velocities  at  Jive  points  in  the  cross-section ;  the  velocities 
at  the  margins  may  be  assumed  zero. 


fi   xy^x    y^x/gy    fl  X  ^ 


lZ 


Let  P  =  breadth  of  a  division  in  feet  =  ^  full  breadth. 
ho   =  central  depth  in  feet. 
^/,  ft,^ ;  A/,  h^*  the  depths  at  distance  of  one,  and  two  divisions  to 

left  and  right  of  centre  respectively,  in  feet. 
^t"*  ^i^i  ^of  •'A  V  *^^®  " mean  velocities **  through  depths  A/,  A/, 
ho,  A/>  V»  respectively  in  feet  per  second. 
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Thai  '<  Weddle'8  Rnle  "  gires— 

Total  Di8cbarge=  A^{V<  +  K^.+  V<+  5(V^/+  ^^  +  V<;i- 
By  Bimson's  Rule  this  would  be— 

Total  Discharge  =  ^fi  {4(  V  <  +  ^  r.  +  V  <)  +  2  (V  V  +  V  <)  1 » 
or,  if  the  rectangular  cross-section  be  of  nearly  uniform  depth  (h)  right 
across,  (so  that  all  the  quantities  denoted  by  hx  are  sensibly  equal,) 
these  take  the  simpler  forms. 

(Weddle's Rule), Discharge  =^fih {v/"  +  v,  +  »/  +  5  (v/  +  v+  v/)} . 

(Simson's  Rule),  Discharge  =  i/3A  {4(t;,^  +  ».  +  »i')  +  2  (»/  + 1;/)} . 

Trtq)€goidal  Section. — In  a  trapezoidal  section  with  tolerably  level 
bed  and  tolerably  even  side  slopes,  perhaps  the  best  way  is  to  divide 
the  cross-section  into  a  "central  segment,"  embracing  the  whole 
space  between  the  side-slopes,  uid  two  "  marginal  segments  "  includ- 
ing only  the  spaces  aver  the  side-slopes. 

Velocity-measurements  should  be  made  over  the  foot  of  each  side- 
slope,  and  also  half-way  between  the  foot  of  the  slopes  and  the  margins. 
The  central  segment  may  then  be  divided  into /our  or  six  equal  parts 
by  the  pendants.  This  will  involve  of  course  either  9$ven  or  nine 
distinct  velocity-measurements. 

Using  (as  before)  single  and  double  accents  to  right  and  left  of  the 
centre,  respectively, 

/S*,  j3,  /S'  s:  breadths  of  a  division  of  left,  central  and  right  segments 

in  feet. 
&',  h'  =  depths  half-way  up  the  left  and  right  elopes  injeet» 
h^  =  central  depth  in  feet. 

Kf  V»  *»* »  Ky  V>  V  ^  depths  (in  central  segment)  at  distances 
of  one,  two,  three  divisions  to  left  and  right  of  centre  in  feet. 

^f  ^/>  V> ^I'y  ^99 ^/» ^i'y  V> ^>  *^®  " T^^^  velocities "  through  the  depths 
^\  V>  V>  Kf  Ky  K'y  V>  V>  *'  respectively,  in  feet  per  second. 

[SjB. — h^,  h^ ;  Os'f  ^3*  "^  ^7  required  when  the  central  segment  is  sub-divided 
into  six  equal  parts.  The  figure  shows  the  notation  when  the  centnl  segment  is 
divided  into  only/<mr  partsj. 

fl  X  fl  X   fl      X    fl      X    ft      X    ft      X  ft  X  ft 


"1         p»         ft 


Then  supposing  the  central  segment  to  have  been  divided  into  only 
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fcmr  equal  parts,  Simson's  Rale  is  applicable  to  each  of  the  aegments, 
(each  being  sub-diyided  into  an  even  number  of  parts) ;  thus  the  Telod- 
ties  at  the  margins  being  assumed  zero, 

Discharge   through  left  segment,  =^  ^  fi"  (h^"  v^  +  4  A*  r*). 

Discharge  through  centre  segment,  =  J  /3   I V  ^t    +   *t^  ''i*  +  ^ 

(J/  V  +  A.'  ».')  +  2  A,  r.} 

Discharge  through  right  s^^ent,    =  ^  /J'  (A,'  »/  +  4  A' t/). 

Also  supposing  the  central  segment  to  have  been  divided  into  six  equal 
parts.  Weddle's  Bule  is  applicable  to  the  central  segment,  and  Simson's 
to  the  marginal  segments ;  thus, 

Discharge  through  left  segment,  =  |  3"  (A,*'  v^  +  4  A*'  tT), 

Discharge  through  centre  segpnent, 

=  A/3  { A,V  +  A.V  +  A.r,  +  v.'  +  AX  +  MW  +  V.  +  W)} 
Discharge  through  right  segment  =•4/3'  (A,*  t;,'  +  4  A'  i/). 
Simson's  Rule  might  of  course  have  been  applied  to  the  centre  seg- 
ment in  this  case  also,  but  Weddle's  Rule  gives  a  better  approximatioB 
with  no  increase  of  labour  of  calculation. 

[If  the  depths  (A)  be  nearly  equal,  all  the  above  formalje  may  be  simplified  In  ap- 
pearance, by  placing  this  aymbol  ootsifle  the  brad^ets ;  the  labour  of  the  nimierical 
work  will  also  be  greatly  redaced]. 


Suff§e8ti(m8  towards  cbtaining  data  far  the  advancemeiU  of  Hydraulic 

Sciiucs. 

7.  It  would  add  mach  to  the  atility  of  the  Besnlts  of  Diichargea  in  laz|^  Canab 
obtained  by  the  above  purely  experimental  direct  method,  if  on  eveiy  oocaaon  of  sncli 
nteasarement,  the  two  following  data  were  also  carefally  obtained  (for  the  aame  sec- 
tion), viz., 

!•,— Central  Sarface  Velocity,  (i^o) 
2**,— Surface  Slope,  (S). 
These  two  data  by  means  of  the  formuls 
Mean  Velodfrf  =  c  .  «© 
Mean  Velocity  =  O  y/Ta 
would  furnish  two  independent  values  of  the  mean  velocity  for  oomparisoa  with 
that  obtained  by  simply  diriding  the  former  experimental  Result  by  the  aectiooil 
area,  viz., 

Mean  velocity  =  D  -r  A. 
These  data  if  simultaneously  obtained  in  considerable  number  at  the  «mi#  croas- 
section,  would  furnish  most  useful  data  for  the  advanoementof  Hydranlie  Science. 

Canal  Discharges  are  so  commonly  measured  at  the  same  cross-section,  that  with  t 
little  expenditure  of  time  and  trouble,  it  ought  to  be  quite  possible  gradually  to  ac* 
cumulate  a  considerable  quantity  of  these  comparative  daia  for  the  usual  places  o( 
X>iscliaige*measBrement,  without  incurring  any  special  extra  expeaw. 
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To  be  of  anj  real  scientific  use,  the  site  chosen  most  be  a  faYonrable  one,  ine  hints 
under  snb'head  Mte  above.)  and  the  two  elements  required  (Vg  and  S  most  be  mea- 
sured with  all  possible  care). 

Cbntral  Subfacb  Vblocitt  v^. — This  shoald  be  measured  not  less  than  SO  or 
40  times  rapid!  J  in  snccessioo,  (this  can  be  done  in  abont  20  roinntes,)  to  secure  a  really 
good  **  average  "  value  freed  from  the  effects  of  time-variation,  with  dne  attention  to 
the  hints  above  given  under  sub-head  Timifig,  It  will  be  of  little  use  attempting 
the  observation  at  all,  unless  the  weather  is  nearly  calm.  The  direction  and  force  of 
the  wind  when  light  should  be  recorded. 

Slopb  (S).— This  observation  is  a  very  delicate  one  :  unless  done  with  great  care, 
it  will  be  of  no  use. 

The  observation  consists  simply  in  finding  the  difference  of  level  of  two  points  of 
the  water-surface  at  the  margin  ai  the  Mame  itutant,  at  equal  distances  above  and 
below  the  section  of  experiment. 

These  two  points  should  be  on  same  bank,  and  at  spots  where  the  cross-section  and 
longitudinal  section  of  the  channel  are  both  geometrically  and  physically  similar,  and 
which  are  also  symmetrieal,  both  geometrically  and  physically,  with  respect  to  the 
section  of  experiment.  These  points  should  be  as  close  to  the  bank  as  possible,  so  as 
to  be  in  slack  water,  the  slower  the  better  ;  and  should  be  points  of  nearly  equals 
vtheitjf,  if  the  water  be  in  motion. 

As  a  preliminary,  two  permanent  bench-marks  should  be  established  on  the  same 
bank  as  close  as  possible  to  the  places  where  the  water-level  is  to  be  hereafter  ob- 
served, and  their  difference  of  level  found  with  the  ntmost  possible  accuracy. 

The  actnal  observation  will  then  consist  simply  in  connecting  the  level  of  the 
water-surface  at  the  two  chosen  points  with  the  bench-marks  at  the  same  time.  This 
mnst  be  done  on  a  calm  day  only,  by  two  observers  working  simnltaneously  by  signal. 

The  exact  mode  of  connecting  the  water-surface  with  the  bench-marks  mnst 
depend  on  the  nature  of  the  banks.  The  best  mode  is  that  which  interferes  least 
with  the  normal  motion  of  the  water  :  the  level  of  the  wutximum  and  minimum  0s- 
ciUatione  of  the  water  most  be  invariably  recorded. 

[With  the  usual  sloping  earthen  banks,  the  best  plan  would  probably  be  to  drive 
a  stout  peg  into  the  bank  close  to  the  water's  edge,  where  the  water  is  very  shallow^ 
till  its  top  is  nearly  insh  with  the  soil,  (and  the  water  quietly  flowing  over  it  as 
before).  The  top  of  this  peg  may  now  be  considered  a  temporary  bench-mark,  and 
may  be  connected  with  the  }>ermanent  bench-mark  in  the  ordinary  way.  Similar  pegs 
(temporary  bench-marks)  wonld  be  nsed  at  both  ends.  The  actnal  observation  would 
then  be  reduced  to  finding  the  height  of  the  wat9i>snrface  above  the  tops  of  these 
pegs.  This  is  veiy  conveniently  and  accnrately  done  by  inserting  a  very  thin  brass 
scale  (divided  to  tenths  and  hundredths  of  feet)  into  the  water,  nntil  it  rests  on  the 
top  of  the  peg,  and  then  reading  the  height  of  the  maximum  and  minimnm  oscilla- 
tions of  the  water-surface  off  the  seals.  Such  a  scale  will  be  found  to  ruffle  the  water 
very  slightly  if  not  thicker  than  ^-inchand  held  parallel  to  the  current,  the  peg  being 
supposed  to  be  close  to  the  margin  where  the  current  is  slack.  This  part  of  the  ob- 
servation mnst  be  done  on  a  calm  day,  and  simultaneously  at  the  two  ends  by  the  two 
observers.    The  above  process  gives  probably  as  much  accuracy  as  Is  possible]. 

*  If  thffre  be  uxy  considerable  difference  of  velocity,  this  alone  may  cause  a  seaaLble  differenct  of 
Itiel,.  iodepeadent  of  tba  real  aloptt  of  tbe  wateraorf act. 
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The  aetoal  resalt  of  this  obserration  will  be  the  fall  of  the  water-amfaee  betweca 
the  two  distant  points :  this  fall  divided  bj  the  distance  in  question  will  be  zeallj 
the  *'  average  slope''  thronghont  that  distance,  whereas  the  qnantity  Sof  the  fonnnls, 
should  in  strictness  be  the  surface  slope  at  the  section  of  experiment  itadf.  It  is 
therefore  very  desirable  to  make  the  distance  between  the  two  extreme  points  tiie 
least  possible*  consistent  with  securing  the  requisite  accnracj  of  estimating  tbe  wliole 
fall. 

[About  half  a  foot  of  fall  should  be  enough  to  admit  of  the  requisite  aociu»Gj  of 
estimating  the  fall :  the  two  extreme  points  should  then  be  so  spaced  as  to  enanze  a 
total  fall  of  about  half  a  foot]. 

If  these  data  (r,  and  S)  be  obtained  aion^  with  the  Dischaige-measmemeiit  hy 
the  Rods  for  a  great  range  of  depth,  the  algebraic  expressions  for  Cf  C  propoaed  by 
Basin — given  in  formula  (3),  (2)  above — could  be  verified  or  tested  for  each  Seetioo 
of  Experiment,  the  special  values  of  the  constants  o,  p  being  of  course  determined 
anew  for  each  Section. 

It  is  essential  to  the  propriety  of  the  comparison,  that  the  three  observationB  (fior  Y, 
v^  8)  be  all  taken  ai  nearly  atpomble  together ,  so  as  to.be  under  same  eonditiaDS 
of  depth,  and  state  of  Canal :  to  be  of  the  greatest  use,  they  should  be  taken  omlg 
when  the  Canal  ii  **  iri  train,"  (t.  e.,  when  neither  rising  or  falling,)  as  those  taken  in 
different  *'  states  "  (of  rising  or  falling)  will  probably  not  be  fairly  companble.  To 
be  used  for  verifying  formulas,  it  is  also  essential  that  they  extend  over  a  great  range 
of  depth,  (not  less  than  half  the  entire  range). 

The  writer  would  be  glad  to  receive  statements  of  the  comparative  data  above  men- 
tioned, (  V,  Vq,  8)  for  the  purpose  of  verification  of  the  algebraic  expressiona  for  the 
coefficients  proposed  by  M.  Bazin,  Kutter,  and  others,  if  carefully  compiled  in  Form 
on  next  page,  with  due  attention  to  all  the  precautions  described  abore,  and  eztnd- 
ing  through  a  considerable  range  of  depth.    A  cross-section  should  acoompeBj. 


•  In  msny  ttandArd  'text-booki  a  tWo-milo  length  U  laid  doWn  for  thii  purpoM :  the  aathor  ooS* 
Stdon  that  a  good  deal  of  the  ap^firent  ducordanoe  of  the  reenlte  of  the  three  formnlie  la  due  to  a 
too  rigid  adopCioD  cf  thia  great  length,  within  which  there  may  poarihiy  hi  leveml  oiuuigaa  of  elope. 
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MORE    LEAVES    FROM  A   SUPERINTENDING    ENGL 

NEER'S  NOTE  BOOK. 

[Fi^Td  Plate  XXXIV.] 


By  Col.  J.  G.  Medlbt,  B.E.,  (lai$)  Supdg.  Engineer,  \si  Circle, 
Punfob. 


Flood  Diseliarge  of  Nallaha — ^It  is  often  said  with  great  tratb,  that 
the  Engineer  learns  more  by  one  failare  than  by  a  handred  successes. 
And  in  that  yiew,  it  may  be  nsefol  to  record  for  the  benefit  of  others,  the 
recent  failure  of  two  bridges  near  Rawal  Pindi,  and  to  see  what  lesson 
can  be  learned  from  them. 

The  Leh  Nallah  rons  dose  to  the  town  of  Rawal  Pindi,  rising  in  the 
neighbonring  hills,  and  draining  an  area  of  aboat  70  square  miles.  In 
its  course  near  the  town  it  is  a  deep  sandy  nallah,  carrying  a  mere  thread 
of  water  generally,  but  liable  to  sudden  and  riolent  floods. 

It  is  here  spanned  by  three  bridges,  the  first  of  which  in  point  of  date 
was  built  15  years  ago,  and  carries  the  Murree  Road  orer  the  nallab. 
This  consists  of  three  spans,  timber  trusses  on  masonry  piers,  giring  150 
lineal  feet  of  waterway,  with  a  depth  of  20  feet  from  the  nallah  bed  to  the 
bottom  of  the  girders. 

The  second  bridge  built  half  a  mile  higher  up  some  years  later,  had 
three  masonry  arches  of  60  feet  span  and  12  feet  rise,  with  a  depth  of 
20  feet  from  the  spring  of  the  arches  to  the  nallah  bed. 

The  third  bridge  built  still  later  and  still  higher  up,  had  also  three 
openings  of  60  feet,  timber  trussed  girders,  and  like  the  former  20  feet 
aboTe  the  nallah. 
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Althongh  the  waterway  of  the  first  had  never  been  found  inanffident 
for  many  years,  the  designer  of  the  second  bridge  evidently  thought  that 
it  was  so,  and  the  designer  of  J7o«  8  followed  his  example  so  far  as  the 
lineal  waterway  was  oonoemed. 

On  the  evening  of  the  25th  Jnly  last,  a  heavy  fall  (2'5  inches)  of  ram 
occnrred  at  Bawal  Pindi,  followed  after  an  interval  of  6  hoars  by  a  fall  of 
8*5  inches  in  10  hoars,  of  ^ich  6  inches  fell  in  6  hoars. 

The  water  rose  in  the  nailah  to  a  depth  of  26  feet  at  the  opper  bridge, 
and  to  within  18  inches  of  the  roadway  on  the  top  of  the  girder,  and  bring- 
ing down  a  quantity  of  timber  with  it,  which  was  stopped  by  the  trasses ; 
carried  away  the  whole  saperstructare  of  the  bridge.  The  flood  then 
passed  through  the  arches  of  the  second  bridge  at  a  height  of  8  feet 
above  the  arch  rise,  and  then  carried  away  the  girders  of  the  lower  bridge 
also,  rising  to  a  height  of  8  feet  above  the  roadway,  and  inundating  the 
road  and  sarrounding  country  for  a  considerable  distance.  Bo  sadden  and 
violent  was  the  flood,  that  many  people  had  to  escape  up  the  trees,  from 
which  they  were  afterwards  picked  off  (like  apples)  by  means  of  elephants. 
This  occurred  at  7  A.1I. ;  four  hours  later  the  stream  had  fallen  to  its  asual 
low  level. 

On  examining  the  scene  of  the  disaster  two  days  later,  and  taking  the 
necessary  levels,  it  was  at  first  difficult  to  account  for  the  extraordinary 
height  of  the  flood  marks.  The  fall  of  the  bed  was  6  feet  per  mile,  and 
the  velocity  resulting  from  the  employment  of  the  usual  formuln  gave  18 
feet  per  second,  and  a  discharge  eq[uivalent  to  a  fall  of  2  inches  per  hour 
over  the  whole  drainage  area.  This  amount^  over  an  area  of  70  square 
miles,  was  hardly  creditable,  and  as  it  appeared  on  investigation  that  the 
sandy  bed  of  the  nailah  was  very  little  eroded,  it  seemed  clear  that  no  sock 
velocity  as  that  calculated  could  have  been  obtained. 

Careful  comparison  of  the  flood  levels  at  different  points  showed  that 
the  water  had  been  dammed  back  or  ponded  up  in  the  nailah  itself,  which 
was  of  insufficient  section  to  carry  so  unusual  a  flood,  and  hence,  while  the 
depth  of  the  water  had  been  abnormally  increased,  the  vdocity  had  been 
considerably  diminished. 

Making  allowance  for  this,  however,  the  calculated  velocity  as  deduced 
from  the  slope  of  the  flood  line  was  certainly  very  much  higher  than 
could  reasonably  have  been  expected,  judging  from  the  state  of  the  bed, 
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mnd  the  only  oonclnsion  thBt  coidd  be  oome  to  was,  thai  the  foniiiil»  in 

qnaetion  are  not  reliable. 

On  the  facts  above  noted,  I  make  the  following  general  remarks  :— 
The  ordinary  methods  of  determining  the  flood  discharge  of  any  stream 

are  as  is  well  known. 

1.  From  cross  sections  of  the  channel  taken  up  to  the  line  of  highest 

flood,  the  Telocity  being  calcnlated  by  formol»  derived  firom 
levelB  taken  of  the  slope  of  the  bed  or  of  the  surface  of  the  flow- 
ing water. 

2.  From  calculations  of  the  ndn  fall  over  the  catchment  badn,  or 

area  drained  by  the  stream. 

With  regard  to  the  first  method,  the  determination  of  the  cross  section 
is  an  easy  matter  enough,  so  long  as  we  have  reliable  flood  marks.  These, 
however,  are  by  no  means  easily  obtained,  especially  if  any  long  time  has 
elapsed  since  the  last  high  flood.  It  is  most  difficult  to  get  exact  and 
reliable  information  from  natives  on  such  a  point,  and  it  is  only  b)f  obtain- 
ing corroborative  evidence  of  their  statements,  in  various  indirect  ways, 
that  any  confidence  can  be  felt  in  them. 

It  is  also  to  be  borne  in  mind  that  information  so  obtained,  refers  only 
to  the  past,  and  is  often  an  insufficient  guide  to  the  future.  There  is 
scarcely  ever  a  flood  that  sweeps  away  a  bridge,  of  which  you  are  not  as- 
sured that  it  is  the  highest  flood  that  was  ever  known  to  have  occurred  at 
that  particular  place. 

One  conclusion  to  be  drawn  from  this  is,  that  on  the  occurrence  of  any 
extraordinarily  high  flood,  permanent  marks  recording  the  height  and 
date  of  such  flood  at  various  points,  should  be  fixed  by  the  Engineers  con- 
cerned, and  this  ought  to  be  a  standing  rule  of  the  Department. 

But,  difficult  as  the  determination  of  the  correct  flood  line  often  is, 
the  calculation  of  the  velocity  during  a  flood  is  much  more  so.  The  two 
formulas  commonly  used,  and  which  will  be  found  given  in  the  Boorkee 
Treatise,  are, 

(1),  Dubuat's— 

ti  =  92  V  237 
Where  v  =  mean  velocity, 

d  =s  hydraulic  mean  depth, 

s  ss  slope  of  the  channel  in  feet  per  mile. 
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(2),  NeyiUe'B— 

[^ 
v  =  90  V  « 

Where  v  and  d  are  as  before— 

«  =  slope  of  the  channel  in  unity. 
Now,  from  whateyer  experiments  those  formnlas  have  been  deriyed,  there 
can  be  no  donbt  that,  in  the  case  of  most  Indian  water-conrses,  they 
mre  qnite  nnreliable.  They  may  possibly  be  correct  enough  for  canals  or 
water- courses  of  regular  section,  and  running  uniformly  in  straight  reaches. 
But  for  large  streams  of  irregular  section,  liable  to  great  fluctuations,  and 
io  hill  torrents  with  great  declivities  of  bed,  and  subject  to  sudden  and 
Tiolent  floods,  these  formulas  give  yelocities  which  are  far  too  high.  A 
little  experience  will  show  that  in  many  cases  which  occur  in  practice,  the 
above  formulis  will  give  calculated  velocities  of  12  feet  or  more  per  second, 
while  actual  observation  will  show  that  even  the  surface  velocity  does  not 
exceed  6  feet.  One  proof  of  this  will  be  found,  as  in  the  present  case,  in 
the  small  erosion  of  a  nallah  with  a  sandy  bed,  after  a  flood  which,  if  the 
calculated  velocity  were  reliable,  would  tear  it  up  to  a  depth  of  several  feet. 
Moreover,  a  very  little  observation  of  a  stream  in  flood  will  show  that  the 
highest  observed  velocity  is  confined  to  a  very  small  portion  of  the  breadth 
of  the  channel,  that  the  velocity  of  the  rest  is  much  less,  and  that  a  por- 
tion of  it  is  even  backwater. 

Another  fact  is  also  to  be  borne  in  mind  of  which  no  formulas  can  take 
account,  viz.,  that  in  the  case  of  sudden  and  severe  floods,  the  water 
flowing  down  is  headed  up  very  much  at  the  bends,  and  also  against  the 
banks  of  the  stream  itself,  and  so  much  so,  that  while  the  depth  of  the 
stream  is  greatly  increased,  the  velocity  is  actually  diminished. 

The  American  formulae  g^ven  in  page  90  of  the  Roorkee  Treatise,  Vol. 
II.,  will  be  found  to  give  results  much  nearer  the  truth  in  the  cases  above- 
mentioned,  but  we  very  much  want  some  reliable  formulas  for  the  peculiar 
case  of  Indian  rivers  and  streams,  with  a  view  of  determining  the  aver- 
age velocity  of  the  cross  section  in  flood,  and  a  great  service  will  be  done 
by  any  one  who  would  carry  out  a  series  of  accurate  observations  on 
rivers,  nallahs,  or  mountain  torrents  in  flood. 

On  the  whole,  it  may,  I  think,  be  laid  down  that  in  the  case  of  large 
nallahs,  subject  to  sudden  floods,  with  declivities  of  channel  of  5  or  6 
feet  per  mile,  the  average  velocity  of  the  cross  section  during  such  floods 
will  not  exceed  5  or  6  feet  per  second,  even  with  a  depth  of  20  feet  of 
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water  passing  down,  and  that  this  is  proved  by  the  slight  action  that 
will  be  fonnd  on  the  bed  and  sides  of  the  channeL 

The  determination  of  the  flood  discharge  by  an  assumed  rainfall  over 
the  drainage  basin,  of  coarse  presupposes  that  we  hare  a  map  sufficiently 
accurate  to  enable  us  to  measure  the  area  of  the  basin.  This  being  doiie^ 
it  is  believed,  that  the  Dickens'  formula  quoted  at  page  101  of  the  Rooikee 
Treatise,  Vol.  II.,  may  generally  be  accepted  as  a  safe  guide  certainly  m 
Upper  India. 

D  =  825  A* 

D  bring  the  discharge  in  cubic  feet  per  second,  and  A  the  area  of  the 
drainage  basin  in  square  miles. 

It  proceeds  on  the  assumption  that  the  greatest  rainfall  over  a  given 
area  varies  inversely  with  the  extent  of  such  area,  so  that  while  a  veiy 
small  drainage  basin  may  be  expected  to  discharge  a  flood  like  2  inches 
in  an  hour,  a  large  basin  would  not  discharge  more  than  :^  of  an  inch  in 
the  same  time ;  or  to  speak  more  correctly,  that  very  heavy  rain  stonns  are 
confined  to  very  small  areas. 

In  estimating  the  proportion  of  flood  discharge  to  rainfaU,  it  is  often 
laid  down  that  a  certain,  perhaps  a  considerable,  proportion  will  beabeoib- 
ed  by  the  ground,  such  proportion  depending  on  the  nature  of  the  soil. 
Though  this  may  be  theoretically  true,  it  will  not  do  for  the  Engineer  to 
make  any  allowance  for  it,  for  the  heaviest  storms  usually  occur,  in  India 
at  least,  when  the  ground  is  already  thoroughly  saturated,  as  in  the  present 
case,  so  that  provision  should  always  be  made  for  the  fuQ  quantity  known 
or  assumed  to  fall  over  the  whole  basin  in  a  given  time. 

In  estimating  the  velocity  with  which  such  floods  are  passed  down  tbe 
drainage  channel,  we  have  of  course  the  same  difficulty  to  contend  with 
as  has  been  described  already,  and  unless  we  find  considerable  erosion  of 
the  bed,  it  will  not  be  safe  to  assume  a  greater  average  velocity  than  5 
or  6  feet  per  second. 

Making  tliis  assumption,  and  estimating  the  greatest  rain  flood  at  2  inches 
per  hour  over  very  small  areas  (say  up  to  5  square  miles),  1  inch  up  to  15 
square  miles,  ^  an  inch  up  to  50  square  miles,  and  ^  an  inch  np  to  200 
square  miles,  the  Engineer  in  Northern  India  will  probably  be  safe  in  de- 
signing the  waterway  for  his  bridges.  Or  he  may,  if  he  prefers,  work 
according  to  Dickens'  formula. 

In  designing  timber  trussed  bridges,  the  bottom  of  the  girder  should 
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be  fixed  at  least  4  feet  abore  the  calculated  highest  flood  line.  If  the 
road  is  in  embankment  on  one  or  both  approaches,  as  will  probably  be  the 
case,  long  gaps  may  be  left  as  an  additional  security  against  extraordi- 
nary floods,  through  which  a  considerable  amount  of  flood  water  could  find 
Tent. 

Design  of  Buildings  in  Upper  India.— While  lately  inspecting  some 
officers'  quarters  on  the  Frontier,  my  attention  was  drawn  to  the  fact  that 
though  these  buildings  were  erected  many  years  ago,  and  were  no  doubt 
very  dark  and  badly  yentilated,  with  low  walls,  small  doors,  and  small 
low  verandah  arches,  they  were  yet  admitted  to  be  very  much  cooler  than 
two  new  blocks  lately  constructed,  with  lofty  rooms,  high  wide  doors, 
and  verandah  arches  ;  indeed  the  upper  stories  of  the  latter  were  said  to 
be  almost  uninhabitable  in  the  hot  weather.  The  same  remark  appears 
to  be  eyerywhere  made  in  regard  to  the  old  (or  Napier)  barracks,  with 
double  verandahs,  and  the  new  double-«toried  barracks. 

From  these,  and  other  instances,  it  seems  to  me  established,  that,  for  a 
climate  like  that  of  Upper  India,  with  its  great  extremes  of  heat  and  cold — 

Isl.  Lofty  rooms  are  a  mistake,  because  they  contain  too  large  a  body 
of  air,  which  when  heated  is«with  difficulty  cooled,  and  when  cold  is  with 
difficulty  heated. 

2nd*  Large  and  numerous  doors  and  windows  are  a  mistake,  for  they 
admit  cold,  heat,  glare  and  dust,  to  a  degree  quite  disproportionate  to 
their  utility  for  ventilation,  which  should  be  separately  provided  for. 

drd.  Broad,  high  verandahs,  with  small  low  arches,  are  the  best  pro- 
tection to  the  outer  walls  and  doors  ;  even  when  fitted  with  louvres,  (as 
has  been  lately  done  in  the  new  upper-storied  barracks,)  the  wide,  high 
verandahs  are  an  insufficient  protection.  [The  chief  fault  in  these  buildings, 
however,  appears  to  be  in  the  excessive  area  of  doors  and  glazed  windows 
or  fanlights]. 

Atk,    Double  verandahs  are  essential  if  we  want  to  obtain  a  cool  room. 

Boat  BlidgeSs-^An  extraordinary  flood  in  the  Cabnl  river,  on  the 
31st  August  last,  carried  away  the  Boat  Bridges  at  Nowshera  and 
Daoudzaie,  with  some  loss  of  superstructure ;  and  a  few  notes  on  the 
best  mode  of  securing  Boat  Bridges  may  be  useful. 

In  ordinary  cases,  the  boats  should  each  be  anchored  by  the  head  and 
stem.  In  the  Punjab  Bivers,  the  anchors  are  simply  stout  nets  filled 
with  large  stones,  which  of  course  can  never  be  raised.    The  cables  are 
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of  munj  (a  kind  of  coarse  grass),  which  makes  a  very  strong  rope  and 
lasts  a  whole  season.  Where  this  is  not  procurable,  putta  is  nsed,  a  sort 
of  reed,  which  does  not,  however,  last  so  long  as  the  munj. 

In  addition  to  the  head  and  stem  anchorages,  a  strong  chain  or  thick 
cable  should  connect  the  heads  of  all  the  boats  together,  and  be  securelj 
fastened  to  each  bank.  And  a  similar  rope  (but  which  need  not  be  of 
the  same  strength)  shoald  connect  the  stems  of  the  boats,  and  be  simi- 
larly secured  at  each  end.  Each  boat  should  be  fastened  to  these  head 
and  stem  ropes  by  a  simple  lashing,  which  can  easily  be  cut  loose,  so 
that  any  boat  can  be  slipped  out  of  the  bridge,  if  necessary,  wiUioot 
trouble.  The  shore  ends  of  the  head  and  stern  ropes  can  be  secured, 
either  to  heavy  stone  trongahs,  or  to  stout  beams  sunk  5  or  6  feet  into 
the  ground,  or  to  masonry  pillars  built  on  purpose,  or  to  ring-bolts  fixed 
into  rocks,  (if  there  are  any.)  It  will  be  understood  that  the  down- 
stream attachments  are  chiefly  of  importance  in  case  of  a  strong  wind 
blowing  ti/>-stream,  which  often  occurs. 

The  above  mode  of  securing  the  bridge  will  be  sufficient  in  ordinary 
rivers ;  where  the  velocity  of  the  current  is  very  great,  and  especially,  if 
the  bridge  is  a  long  one,  intermediate  attachments  to  the  shore  should  be 
provided  for  the  four  or  five  boats  in  the  strongest  part  of  the  stream,  by 
separate  cables  securely  fastened  to  the  shore  at  points  some  distance  above 
and  below  the  main  attachments,  (lifted  oat  of  the  water  if  necessary  by  an 
intermediate  boat  or  buoy,)  and  carried  across  the  intermediate  boats.  In 
the  Attock  Bridge  over  the  Indus,  there  are  several  intermediate  fasten- 
ings of  this  description  secured  to  masonry  pillars,  built  on  rocks  in  the 
middle  of  the  rirer.  The  number  of  such  attachments  must  of  course 
depend  on  the  length  of  the  bridge,  the  force  of  the  current,  and  the  facility 
with  which  they  can  be  provided. 

It  is  obvious  that  the  boats  spanning  the  strongest  part  of  the  stream 
will  require  stronger  chains  and  attachments  to  those  in  slacker  water 
and  the  best  boats  should  of  course  be  reserved  for  this  portion  of  the 
bridge. 

In  a  very  strong  river,  especially  if  liable  to  sudden  floods,  it  will  be 
advisable  to  dispense  with  the  head  and  stem  anchorages  for  each  boat, 
if  the  number  of  intermediate  attachments  is  sufficient ;  as  of  course,  if 
from  carelessness,  the  former  are  not  slacked  ofif  in  time,  the  boats  ?rill 
be  submerged. 
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In  •  bridge  of  moderate  length,  thns  fastened,  withont  any  anchors,  by 
the  chain  cable  running  across  the  bows  of  the  boats  and  secured  to  each 
shore,  the  curre  or  versine  of  the  chain  should  be  ^th  of  the  span.  This 
is  done  in  the  new  bridge  over  the  Kavi  at  Lahore,  the  chain  being  one 
inch  diameter,  and  secured  to  a  stout  beam  sunk  in  the  ground  behind 
a  solid  block  of  concrete.  Small  iron  clips  are  provided  in  the  bows  in 
which  the  chain  rests,  and  from  which  it  can  be  easily  detached  when 
required.  Similar  clips  are  provided  at  the  stem  for  the  cross  chain  on 
the  down- stream  side.  As  an  additional  protection,  every  third  boat  is 
anchored  on  the  down-stream  side. 

The  standard  Boats  and  Superstructure  for  the  Punjab  Rivers,  as 
designed  by  Colonel  A.  Taylor,  C.B.,  and  approved  by  Government,  will 
be  found  described  in  the  Roorkee  Treatise,  Vol.  IL,  page  114. 

The  boats  are  the  same  at  the  head  and  stem,  and  when  in  proper 
trim,  the  fore  and  aft  keels  are  some  inches  clear  of  the  water,  which 
thus  passes  smoothly  under  the  boat.  But  unless  care  is  taken  to  keep 
the  longitudinal  iron  ties  properly  screwed  up  from  time  to  time,  the 
bows  and  stems  are  very  apt  to  droop. 

The  trussed  beams  are  of  30  feet  clear  span  in  the  bays,  and  have 
been  designed — 

Ist.    So  that  the  wood  and  iron  should  as  nearly  as  possible,  be 

subject  to  the  same  strain. 
2nd.     So  that  the  wood  may  float  the  iron,  in  case  of  the  beam 
falling  into  the  water.     As  the  trassed  beams  rest  on   the 
gunwales  of  the   boats,  and  not  on  saddles  over  the  keels, 
(which  would  much  increase  the  length  of  the  beam,)  stiffen- 
ing beams  are  necessary   to  distribute  the  weight  properly. 
These  pass   over  the  boat  outside  the  outer  trussed  beams 
and  are  firmly  lashed  to  them  by  means  of  a  stiffening  plank 
passing  below  and  across  the  platform. 
In  case  of  a  great  storm  or  flood  threatening  to  break  the  bridge, 
the  superstructure  should  be  dismantled,  and  placed  in  the  boats,  as 
rapidly  as  possible,  not  carried  to  the  shore,  which  would  occupy  longer 
time.     If  logs  of  timber  are  carried  down,  threatening  to  damage  the 
bridge,  as  many  boats  as  may  be  necessary  can  then  be  cast  loose,  and 
allowed  to  drift  down  the  river. 

The  boatmen  should  occasionally  be  exercised  both  by  day  and  night. 

VOL.   VI. — BBCOHD   SBBIES.  2   6 
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2.    In  slackiDg  oflf  the  heirf  and  sfcn.  cM-  of  eacfe  bott. 
9.    In  mtmg  them  off  after  attaching  bnoyg. 
4.    In  cnttlng  loose  the  boats  from  the  head  and  stern  rope»,  mA  let- 
ting them  float  down-stream. 
Sandy  Roads^I  hare  lately  gone  oyer  the  road  across  the  sandr 
Thnl  between  Dera  Ismail  Khto   and    Jhnng,    which   for    65   mUe. 
runs  oTer  hesYy  sand,  the  snrronnding  conntiy  being  a  dreary  waste 
of  sand  hills  thinly  covered  with  jangle.     Over  this  road  the  traveller 
«  earned  by  the  mail   cart  at  a  rate  of  8  miles  an  hoar  (incWiag 
stoppages).    The  greater  portion  of  this  road  is  laid  with  long  grass, 
brought  from  the  iacM  or  valley  of  the  Indue  or  Jhelam,  for  a  dutanee 
^;n  some  cases  of  20  mUes  The  grass  Cas  laid  down  2^  years  ago,  and 
-^nly "  "*"  ""eqnifes  renewal,  bat  the  .whee.'ed  trafSo  over  it  is  almost 
DHrely '  «>«»fined  to  \U  maU  carts.    The  wiJ*  first  bud  was  12  feet. 
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''die  grass  Hv**^  being  }^  ig  only  8  feefc ;  pegs  are  placed  15  feet  apaii 
in  the  length  of  the-  road,  and  the  »pace  between  two  pegs  requires 
fiye  maunds  of  grass^or  a  camel  load ;  the  grass  is  coyered  witb  S  inches 
of  clay  if  procura^lfcj.  if  not,  with  sand.  The  average  cost  is  stated  to 
be  Rs.  200  per  miTe'r  O^er  the  sandy  bed  of  the  Chenab,  on  the  ap- 
proaches to  the  boat  bridge,  the  grass  is  first  m/ide  np  into  fascines  of 
6  inch  diameter.  This  i9  of  pourse  wx  additional  expense^  and  I  doubt 
whether  it  is  an  improvement. 

About  17  of  the  intermediate  miles  are  laid  with  brick  metalling  9  feet 
wide,  10  inches  thick  at  the  centre,  and  6  inches  at  the  sides,  the  cost  of 
which  is  computed  at  Rs.  1,500  per  mile. 

JEUver  defensive  works. — Having  lately  had  an  opportunity  of  seeing 
the  works  executed  daring  the  past  year  at  Dera  Ismail  Khan,  to  protect 
the  station  from  being  carried  away  by  the  river  Indus,  I  think  a  brief 
account  of  these  may  be  interesting.    The  true  bed  of  the  river — the  hctchi^ 
as  it  is  termed,  is  here  about  12  miles  broad,  the  whole  width  being  under 
water  in  the  rainy  season.     In  the  cold  weather,  at  present,  and  for  some 
years  past,  the  r{yep  runs  in  three  channels ;  the  central  one  Carrying  the 
main  stream,  and  the  right  cl^annel  gunning  close  to  the  west  high  bank,  on 
which,  the  Cantonment  of  Dera  Ismail  Khdn  is  built,     The  ap^ioii  of  th^ 
atream  against  this  west  bank  has  been  more  qr  less  severe  for  many 
years  past,  the  old  native  town  was  carried  awn^  son^e  35  years  «go,  an4 
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tho  new  town  which  was  built  four  mUes  inland,  being  now  threatened  with 
the  same  fate.  Fifteen  years  ago  the  Cantonment  was  threatened  in  like 
manner,  but  iU  fate  was  averted  by  the  works  then  constrncted  by  Mr. 
Garbetty  C.E.,  and  it  is  only  within  the  last  two  or  three  years  that  the 
danger  has  again  become  imminent,  the  force  and  velocity  of  the  stream 
in  the  west  channel  having  cut  away  the  bank  very  rapidly.  The  works 
'Constructed  last  cold  weather  consisted— 

IsL  Of  a  barrier  across  the  exit  of  the  west  channel  from  the  main 
river  some  four  miles  above  the  station. 

2nd.  Of  a  series  of  short  spnrs  to  defend  the  bank  immediately  at- 
tacked. 

The  barrier  was  nearly  half  a  mile  long,  and  was  began  from  both  ends 
at  once,  to  prevent  the  farther  end  being  tamed  by  the  stream  being  forced 
against  it  The  work  consisted  of  a  line  of  whole  trees  lashed  together, 
weighted  with  stones  in  nets,  and  sank  to  the  bottom  of  the  river,  above 
which  other  trees  were  piled,  until  the  surface  of  the  water  was  reached. 
As  the  two  ends  of  the  barrier  approached  each  other,  the  scour  caused 
by  the  current  rushing  throngh  the  interval  was  so  great,  that  the  water 
was  found  to.  be  40  feet  deep,  and  the  barrier  was  never  entirely  closed. 
It  was,  however,  maintained  until  June,  when  it  was  topped  by  the  rising 
flood,  but  when  the  river  had  fallen  again,  it  was  found  to  have  done  good 
service.  The  flow  of  water  down  the  western  channel  had  been  so  less- 
ened, that  whereas  there  had  been  a  depth  of  80  feet  opposite  the  station 
in  October  1875,  there  were  only  5  to  8  feet  in  October  1876. 

The  spnrs  were  constructed  in  the  same  manner  as  the  barrier,  piles 
being  added  in  rear  of  the  mass  of  trees,  when  the  rush  of  water  threat- 
ened to  carry  away  the  whole  bodily.  Their  effect  has  certainly  been  very 
great;  an  immense  quantity  of  silt  having  accumulated,  both  in  front 
and  rear  of  them,  so  that  at  one  place  a  considerable  foreshore  had  been 
reclaimed,  which  is  now  being  planted  with  willow,  tamarisk,  and  other 
quick  growing  trees. 

As  an  adjunct  to  the  spurs,  a  considerable  number  of  '' Brownlow 
Weeds"  had  also  been  used,  the  weed  consisting — 

Ut.  Of  a  cask  (or  a  couple  of  casks  lashed  together)  floating  on  the 
surface,  and  anchored  by  along  cable  to  a  trongah^  or  net  of 
stones. 

2nd.    Of  branches  of  trees  tied  at  intervals  on  the  length  of  the  cable ; 
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these  of  coarse  float  with  the  carrent,  and  like  natural  weeds,  dieek  the 
Telocity  of  the  stream,  and  cause  a  considerable  deposit  of  silt  Whea 
used  in  sufficient  numbers,  they  appear  to  answer  well,  and  to  create  a 
considerable  shoal. 

Whether  the  abore  works  will  proTO  permanently  effectiye,  is  of  ooone 
very  questionable ;  they  have  at  any  rate  warded  off  the  immediate 
danger. 

Such  solid  tree  spurs  as  I  have  described  appear  to  answer  well,  the 
objection  to  them  is  the  necessary  destruction  of  trees  in  a  yery  treeless 
country.  Floating  tree  spurs,  consisting  of  a  line  of  trees  tied  to  a  cable 
securely  anchored,  also  answer  well,  especially  as  breakwaters  to  protect 
a  bank  or  solid  spur  behind. 

Fascines  may  also  be  used  for  solid  spurs,  and  can  often  be  procured 
when  trees  are  not  available ;  they  may  be  laid  in  layers  (weighted  with 
stones  if  necessary)  alternately  headers  and  stretchers,  the  spur  haying  a 
good  broad  base« 

The  trouble  with  all  spurs  is  to  protect  their  ends  or  noses,  where  the 
action  of  the  stream  is  yery  strong.  A  mass  of  floating  trees  witli  the 
butts  well  secured  to  the  spur,  or  even  a  mass  of  long  fascines  laid  end- 
ways in  the  water,  (like  a  bunch  of  radishes,)  will  greatly  break  the  force 
of  the  current. 

As  some  readers  may  be  interested  in  the  fate  of  the  Sand  Spurs  des- 
cribed in  my  previous  "  Notes  "  some  time  ago,  I  may  mention  that  they 
have  now  stood  through  three  rainy  seasons,  and  have  entirely  answered 
their  purpose.  I  only  recommend  them,  however,  for  intermittent  streams, 
as  they  cannot,  from  the  nature  of  the  material,  resist  the  continual  action 
of  water. 

Colonred  Flooring  Tilea. — Annexed  is  a  copy  of  a  report  by  Cap- 
tain Lovett,  Executive  Engineer,  Haz&ra,  on  experiments  made  in  the 
manufacture  of  coloured  flooring  tiles  at  Abbottabad. 

We  have  now  sncceeded  in  making  and  burning  excellent  tiles  of  red, 
black  and  buff  or  cream  colour  in  several  shapes,  and  uniform  in  colour,  size 
and  thickness,  and  I  have  now  laid  down  in  my  own  verandah  a  strip  of 
tesselated  flooring  120  feet  square  after  the  pattern  annexed,  (Plate 
XXXIY.,)  which  looks  very  well,  and  is  much  admired.  The  tiles  were 
all  brought  from  Abbottabad,  and  the  flooring  (composed  of  795  separate 
pieces  three-fourth  inch  thick)  was  very  well  and  evenly  laid  by  ordinary 
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mistrfs,  at  a  total  cost  of  Rs.  85  per  100  square  feet.  This  rate  in  fatare 
cases  we  shall  be  able  to  redace  to  Ks.  80,  as  the  cost  of  carnage  from 
Abbottabad  (64  miles)  for  so  small  a  number  was  disproportionately  high, 
and  the  cost  of  laying  as  a  first  experiment  was  also  eztrayagant. 

The  cost  per  100  sqnare  feet  will  in  fatare  bo- 
ss. A.  p. 
Cost  of  tiles,         ...            ...            ...            ...            •••      M7    8  0 

Carriage  (64  miles),           ...            ...            ...           ...          8    0  0 

Cost  of  Uying,      ...            ...            ...            ...            ...          8    8  0 

Contingencies,      ...           ...           ...           ...           ...         10  0 


Total,  .«.        80    0    0 


The  red  and  bnff|  Ules  were  made  of  different  clays,  and  the  difiScnlties 
of  unequal  shrinkage  were  got  over  by  mixing  a  small  quantity  of  pounded 
pottery  or  broken  glass  with  the  clays  before  burning.  The  uniformity  of 
colour  was  obtained  by  burning  in  a  muffled  kiln  (shown  in  Captain  Lovett's 
report),  so  as  to  prevent  the  smoke  and  flame  coming  in  contact  with  the 
tiles.  The  black  tiles  were  burnt  in  closed  Tessels  with  meng  or  goats* 
dung  in  them.  Several  shades  of  red  were  obtained  by  mixing  small 
quantities  of  red  sandstone  with  the  clay. 

The  cost  of  carriage,  will,  of  course  prevent  the  use  of  these  tiles  at  any 
station  far  distant  from  Abbottabad,  but  doubtless  clays  of  these  kinds 
exist  at  many  other  stations  besides  Abbottabad,  and  perhaps  if  this 
account  of  our  success  here  were  made  known,  it  would  draw  attention  to 
the  subject,  and  these  very  useful  and  ornamental  floorings,  which  are  so 
admirably  adapted  to  this  country,  might  be  more  generally  employed. 

If  these  tiles  could  be  made  at  any  place  on  the  line  of  railway,  such 
as  Allahabad  for  instance,  they  ought  to  command  a  large  sale  for  the 
floors  of  public  rooms,  churches,  halls,  and  even,  instead  of  carpets  in 
the  hot  weather,  for  private  houses. 

I  hope  to  obtain  several  orders  for  similar  floors. 


Report  hy  Captain  B.  Lovbtt,  RJB.,  C3  J.,  Exeo.  Engineer,  Baedra  Dwiaion^ 
on  Experiments  in  Man^faeture  of  Flooring  Tilee  at  Abbottabad, 

1  have  delayed  till  now  making  any  report  on  the  mannfactnre  of  flooring  tiles^ 

*  Thi«  would  alio  be  radneed  If  Urge  nvmben  wan  made, 
t  TlM  Imff  tilai  ara  made  from  a  whlfia  elaj  lika  Fnlkr'i  aarth. 
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because  until  certain  experiments  had  been  made  and  certain  experience  gminedyUiett 
was  hardly  anything  to  write  aboat. 

In  Jane  1875,  I  bronght  to  yonr  notice  some  specimens  of  hexagonal  tiles  thai 
following  Major  Waterfield's  example,  I  had  moulded  and  burnt  at  the  lilUge  of 
Shekh  Banda,  about  one-and-a-half  miles  from  AbbotUbad. 

These  tiles  were  moulded  in  this  manner.  First  the  clay,  hand-tempered,  wa  spread 
out  6at  by  the  kum4r  on  a  plank  by  a  kanddra,  or  flat  disc  with  a  handle.  Thia  Httk 
instrument  is  made  of  wood  of  the  pattern  shown  in  the  annexed  figure  C«).  When 
the  proper  thickness  has  been  attained,  varying  from  one-third  to  half  or  fire-eighth, 
of  an  inch,  an  iron  stamper  or  die  (i),  is  used  to  cut  out  patterns,  square,  hexagonal 


or  locenge  shapei.  These  stampers  should  have  a  slight  berel,  so  that  the  upper  ude 
of  the  flattened  out  clay,  which  is  the  underside  of  the  tile,  may  fit  close,  and  an 
interstice  for  the  cement,  in  which  the  tiles  are  to  be  laid,  may  be  left. 

The  tiles  thus  made  were  burnt  in  a  small  clamp  about  10'  x  8',  and  turned  out 
pretty  fair.  The  black  tiles  were  coloured  by  burning  them  in  a  dosed  vessel  of 
earthenware,  in  which  goats'  droppings  {meng)  were  placed. 

I  had  some  flooring  carefully  executed  with  the  above  tiles  under  peiaooal  superin* 
tendence,  which  has  answered  satisfactorily. 

You  approved  of  the  specimens  I  submitted  for  yonr  inspection,  and  de«ired  further 
experiments  to  be  made,  directing  my  attention  particularly  to  the  information  given 
on  coloured  flooring  tiles  in  the  Roorkee  Treatise. 

Before  I  had  time  to  prosecute  further  enquiries  the  rains  commenced,  and  in  July 
my  transfer  temporarily  to  the  Koh4t  Division  took  place,  so  that  I  was  not  able  to 
commence  any  experiments  until  I  was  re-posted  to  this  Division. 

I  then  had  a  kiln  built  close  to  the  baz&r,  and  to  the  residence  of  my  Draftsman, 
Gholim  Haidar,  who  has  throughout  chiefly  conducted  the  experiments.  By  thia 
means  I  was  able  at  all  times  to  see  what  progress  was  going  on  whenever  I  hap- 
pened to  be  in  Abbottabad. 


,f 

kin'-- 

)   ' 

/' 

'■"■*> 
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My  kiln  (plan  ud  ■ectiongiTen  in  nuLrgio)  ia  Twy  eimple,  and  eoat  only  Ik  10. 

Ploa.  Section.  ItiBproTidedwithfonrchiin- 

neye  at  the  comarH  for  the  ea- 

1      capeof  the  smoke,  and  ander 

the  lower  doms,  on  which  the 

BrticlcB  lo  be  Sred  are  placed, 

h  Ota  farnaca.    ThU  lower 

dome  has  a  circolar  apertani 

ISiocbesor  24  inches  diame^ 

tar  at  top,  and  throngh  this 

the  flame  flarea  np,  bat  doea 

not  actually  comein  contact  with  the  ware. 

In  flring  goods,  we  find  six  hoars  with  a  gTadnally  iDcteuing  fire  suffice  tho- 
rongbly  to  dry  and  prepare  tbe  thinga  for  Hercer  heat  lasting  B  or  10  hoars,  and  the 
■Terage  qoantity  of  fuel  lued  bna  been  14  maunds, 

My  instTDCtioDi  were  to  oblain,  it  possible,  tilea  of  three  colours— black,  red  and 
bait  or  grey.  I  therefore  directed  experimeota  shonld  be  made  iTitb  Tariona  mix- 
tnrea,  and  have  bad  tolerable  aiiccesa.  The  earths  nacd  have  all  been  procured  within 
short  distance*  of  tbia  place.  Therefore,  ehonid  the  manufacture  of  tbeae  tile*  b« 
developed,  and  not  only  tiles,  bnt  terra-cotia  ware  generally,  it  will  tend  mnch  to 
economy,  having  all  the  necessary  eartha  close  at  hand. 

Unfortunately  the  rains  during,  andsioce  tbe  spring,  hare  been  bo  persiatenl,  that 
ont  operations  have  been  interrupted  with  tbe  most  vexatiooa  frequency,  otherwiae  I 
ahonld  have  reported  on  onr  progress  long  before  now. 

I  anbmitled  specimens  of  beKagonal  tilea  h\  inchea  diameter  last  May  for  yooi  ap- 
prove   These  were  composed  of  clay  6  parte  and  1  part  powdered  pottery. 

You  directed  aqoare  tilea  8  iucbes  square  should  be  made  to  lessen  expenae  in  laying 
na  flooring. 

Oar  efforts  have  accordingly  been  directed  to  the  mannfactnre  ;  I  regret  that,  as 
regards  black  tiles  of  that  size,  our  operations  have  been  failnres.  On  both  occa< 
tiona  when  we  flred  these  tilea,  tbe  black  tile*  bnmt  in  closed  and  heated  vessels  have 
tamed  oat  black  certainly,  but  all  broken. 

Oar  last  tnm  oat  (Angust  29tb)  contained  a  few  experimental  aqnara  black  tiles 
6  iachea  side  i  these  have  tamed  ont  socceaafally,  aad  did  not  break  in  the  boming. 
J  therefore  think  the  size  S"  x  8*  is  too  large.  Probably  nneqoal  contraction  and 
expansion  has  something  lo  do  with  it,  though  why  titea  bedded  in  goats'  dung  and 
bomt  in  a  closed  vessel  should  be  more  subject  to  breakage  than  others  bnmt  in  ttu 
open  kiln,  I  am  not  able  at  present  to  state. 

The  compoaitioD  of  the  large  tilea  was  as  follows  ;— 
Bed,  12  clay  4  powdered  pottery. 
Don,  16  clay  1  powdered  glass. 
Black,  12  clay  4  fotge  ashes  (these  broke). 
Of  Ae  S*  X  S'  tiles  lately  bnmt  (28th  Angoat),  the  composition  was  as  below  :— 
Red,  12  clay,  G  sand,  2  powdered  pottery. 
Don,  „  „  „ 

Slack,        „  „  „       (aUobioke). 
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The  dnn-colonred  tiles  were  also  burnt  in  a  closed  vessel,  but,  instead  of  goats'  drop- 
pings,  bones  were  used. 

Whilst  using  the  kiln,  we  have  had  varioos  specimens  of  pottery  burnt,  glazed  and 
unglazed,  as  I  deemed  it  of  importance  to  obtain  some  practical  knowledge  of  the 
various  clavs  and  fluxes  here  obtainable,  with  a  view  to  utilization  in  the  canyuig 
out  of  usual  routine  work.  I  have  no  doubt  that  in  this  district  there  is  a  vast  reserve 
of  materials  that  has  never  yet  been  properly  used.  There  are  various  kinds  of  dajs, 
slates,  granites  and  limestones,  besides  various  metallic  ores.  From  the  clays  no 
doubt  excellent  terra'cotta  can  be  made,  and  flooring  tiles  of  several  colours. 

Encaustic  tiles,  which  can  be  so  suitably  used  for  interiors,  can  be  made  well  and 
cheaply  coloured  with  native  earths,  and  the  only  thing  required  is  more  knowledge 
on  the  subject,  and  where  to  find  the  ingredients  than  I  possess  at  present.  I  am  con- 
fident the  manufacture  only  wants  encouragement  to  succeed.  I  attempted  to  press 
some  tiles,  but  have  not  yet  perfected  the  apparatus.  We  pressed  the  tiles  when  too 
soft ;  I  doubt  not,  however,  that  well  pressed  tiles  when  burnt  will  be  denser,  more 
hard,  compact,  and  lasting  than  unpressed  ones. 

I  f  or-;7ard  specimens  of  the  tiles  lately  turned  out.  The  shrinkage,  it  will  be  seen, 
is  not  uniform  ;  the  least  being  for  the  mixture  of  clay  and  powdered  glass,  and  the 
highest  fo|r  tiles  burnt  in  a  closed  vessel. 

From  this  it  appears  each  kind  of  tile  must  have  separate  dies. 

The  densest  appears  from  its  weight  to  be  a  tile  of  12  clay,  5  sand,  and  2  powdered 
pottery. 

Financially  the  state  of  the  experiments  is  thus — we  have  spent  Rs.  167-11-8,  the 
outturn  has  been  1  kiln,  2,390  small  tiles,  180  8-inch  tiles,  200  6-vach  tiles,  700  Jbe- 
Inm  tiles,  700  coping  tiles,  800  glazed  pottery,  800  nnglazed. 

This  expenditure  can  be  also  shown  thus — 


Kiln-rent  of  shed  and  stock  (planks), 20 

Fuel  and  material,    . .         . .         • • .         50 

Pay  of  coolies,  potters,  and  supervision,  • .         . .         . ,         . .       100 

With  the  small  balance  in  hand,  I  am  not  prepared  to  recommend  further  experi- 
ments unless  a  sapplementary  grant  be  accorded.  This,  I  hope,  will  be  the  case,  as  I 
think  the  stage  we  have  arrived  at  is  just  the  turning  point  in  the  snccess  or  faUnre 
of  the  manufacture. 

Gholam  Haidar,  Draftsman,  who  has  displayed  indefatigable  indnstry  and  intelli- 
gence in  conducting  the  operations  of  mixture,  tempering,  moulding,  drying  and 
firing  at  very  considerable  inconvenience  from  the  nnpropitionsness  of  the  climate, 
thinks  the  sale  of  various  articles,  such  as  flooring  tiles  for  private  individnals  and 
other  pottery  that  we  have  on  hand  now,  will  fetoh  Rs.  60.  This  would  give  me 
Rs.  90  to  go  on  with.    I  think  perhaps  Rs.  60  altogether  the  safer  figure. 

I  should  recommend  then  that  the  manufacture  of  the  8-inch  square  tiles  be  disconti- 
nued at  present  They  are  difficult  to  stamp  true,  dry  with  less  homogenity  thin 
those  of  less  size,  and  we  fail  in  burning  black  ones. 

I  suggest  that  6-inch  square  or  hexagonal  ones  whose  side  is  the  radius  of  a  circle 
circumscribing  the  above  square  and  its  subsidiary  forms  be  adopted.  Also  that  as  so 
much  time  is  wasted,  and  money  lost  by  inclemency  of  the  weatiier,  a  proper  drying- 
shed  be  constructed,  as  removal  into  sunshine  and  under  shelter  which  the  tiles  hare 
been  submitted  to  is  very  injurious  to  their  shape. 
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The  drying-shed  will  cost  Rs.  100.  Probably  Rs.  50  will  suffice  for  our  present 
pnrposes,  as  regards  the  pay  of  ooolies,  potters,  fnel,  &&,  until  we  secure  an  organized 
sale  for  the  tiles  to  the  works  in  this  and  other  Diyisions,  and  to  private  parties. 

I  therefore  solicit  a  supplementary  grant  of  Rs.  160,  for  continuing  experiments  on 
different  coloured  flooring  tiles,  glazed  and  unglased. 

A  box  containing  specimens  of  oar  flooring  tiles  has  been  forwarded  to  Doctor 
Murray  Thomson  at  Roorkee. 

A  farther  report  was  sabmitted  in  November  last,  which,  however, 

contains  nothing  of  special  interest.     The  tiles  last  made  are  six  inches 

square  and  three-fourths  inch  thick,  those  first  made  being  half  inch  only. 

Some  excellent  glazed  tiles  were  also  sent — blue,  white  and  green.     Also 

some  turdhis  made  of  a  yellow  clay  which  promise  well. 

J.  G.  M. 
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No.  CCXXXVII. 


USEFUL  AUSTRALASIAN  TIMBERS. 


By  H.  O.  McKiNNfiY^  Esq.,  J^sisL  Engineer,  Northern  Divitku, 
Oangea  CanaL 


AxoMQ  sabjccts  of  interest  to  the  Indian  Engineer,  there  are  few  re- 
garding which  so  much  misapprehension  exists  as  the  AostrBlasian 
timbers.  This  remark  is  especially  applicable  to  the  eucalyptL  In  the 
report  of  a  select  Committee  on  Victorian  woods,  so  recently  as  1875,  it  is 
stated  that,  *'  although  a  good  deal  of  affected  knowledge  is  displayed 
as  to  these  woods,  it  is  difficnlt  to  distinguish  them  from  one  another  with 
any  degree  of  certainty,  so  that  almost  all  the  sawn  colonial  hard  wood  is 
called  "  blue  gum, "  in  virtue  of  the  exceptionally  good  qualities  of  an 
imported  article  which  no  longer  finds  its  way  here,  and  is  indeed  scarcely 
to  be  procured  in  its  original. habitat."  (The  imported  tree  here  referred 
to  is  the  Tasmanian  blue  gum  or  eucalyptus  globulus).  Under  these 
circumstances,  it  occurred  to  me  lately  when  spending  some  months  in  ^e 
Australasian  colonies,  that  it  would  be  a  useful  pastime  to  collect  infor- 
mation, both  by  personal  observation,  and  from  the  best  official  and  otiier 
records,  regarding  the  woods  commonly  used  there  in  construction,  and 
also  regarding  those  exported  or  likely  to  be  exported  to  India  and  other 
countries. 

In  Victoria  four-fifths  of  the  trees  belong  to  the  genus  eucalyptus,  of 
which  on  the  authority  of  Hooker,  there  are  said  to  be  no  less  than  fifty  five 
varieties  in  that  colony  and  New  South  Wales.  In  both  colonies  the  most 
important  of  these  is  the  red  gum.  It  grows  to  a  height  of  from  80 
to  120  feet,  with  a  diameter  of  from  3  to  6  feet,  and  furnishes  a  hard,  red- 
dish-coloured wood,  of  specific  gravity  1-12.  It  is  remarkably  durable  in 
damp  ground  and  in  water,  whether  salt  or  fresh,  and  it  shrinks  less  longi- 
tudinaUy  than  almost  any  other  of  the  eucalypti.     On  the  other  hand  it 
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has  a  short  and  somewhat  wavy  graio,  which  renders  it  unsafe  for  beams 
or  for  other  purposes  where  horizontal  bearing  timbers  are  required.  Its 
^reat  durability  in  water  and  in  damp  ground,  and  the  resistance  it  affords 
to  the  attacks  of  the  teredo,  render  red  gum  most  valuable  for  piles  for 
engineering  works.  It  is  also  highly  prised  for  sleepers  and  for  the  plank- 
ing of  bridges,  wharyea,  &e.  The  avulable  supply  of  red  gum  is  enor- 
mous, as  forests  of  it  extend  for  hundreds  of  miles  along  the  banks  of 
the  four  great  risers  of  New  South  Wales,  and  of  the  auxiliary  branches  and 
creeks  connected  with  those  rivers.  The  red  gum  on  the  Lachlan  and 
Darling  is,  it  should  be  remarked,  stunted,  and  of  inferior  quality  to  that 
on  the  other  rivers.  Expenrivo  snagging  operations  have  to  be  carried 
on  in  the  Murray  and  Murrumbidjee,  chiefly  on  account  of  the  great 
numbers  of  red  gum  trees  which  are  uprooted  and  carried  into  them  during 
heavy  floods.  A  serious  drawback  in  regard  to  the  supply  of  red  gum  for 
piles  is,  that  there  is  some  difficulty  in  procuring  it  in  long  lengths  and 
of  moderately  small  diameter.  It  has  been  found  that  in  the  Victorian 
harbonrs,  red  gum  resists  the  attacks  of  the  teredo  for  many  years,  and 
that  it  is  a  matter  of  doubt  whether  for  piles  in  sea  water  it  is  not  equal 
in  durability  to  jarrah. 

The  ironhark  was  formerly  found  in  abundance  on  the  hilly  and  undu- 
lating districts  of  Vietoria  and  New  South  Wales,  but  the  available  supply 
of  it  is  rapidly  diminishing.  It  attains  its  greatest  size  in  the  eastern 
parts  of  New  South  Wales,  where  it  is  sometimes  found  150  feet  in  height. 
It  furnishes  a  hard  reddish  coloured  timber,  of  specific  gravity  1*14,  which 
bears  a  close  resemblance  to  jarrah  and  red  gum,  is  extremely  durable,  and 
is  one  of  the  stongest  timbers  in  the  world. 

Stringy  hark  is  a  tree  which  supplies  much  of  the  second  class  timber  in 
the  Australian  market,  and  much  of  that  too  which  is  sold  as  blue  gum. 
The  stringy  bark  of  Tasmania  seems  to  be  much  superior  to  that  of  New 
South  Wales  and  Victoria.  In  the  latter  colonies  its  tendency  to  twist  or 
warp,  and  its  liability  to  destruction  from  dry  rot,  have  procured  for  it  the 
reputation  of  unfitness  for  use  in  construction.  The  readiness  with  which 
it  splits  has,  however,  induced  its  use  on  a  large  scale  for  posts  and  rails 
for  fences.  The  stringy  bark  of  Tasmania  has  been  used  to  some  extent 
in  ship  building,  and  piles  of  this  timber  in  the  wharves  at  Hobart  Town 
hare  endured  for  many  years,  and  are  still  in  an  excellent  state  of  preser- 
▼fttion.    It  seems  not  improbable  that  if  properly  seasoned,  there  would  be 
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little  reason  to  complain  of  its  warping.  Stringy  bark  timber  can  be  had  in 
very  laige  pieces,  it  is  bard,  straight-grained  and  dorable,  and  its  specific 
gravity  is  slightly  less  than  nnity.  Although  it  is  very  difficult  to  distin- 
guish this  timber  from  blue  gum,  the  difference  between  the  trees  is  at  once 
apparent.  The  bark  of  the  former  is  rough  and  fibrous,  resembling  to  a 
considerable  degree  the  husk  of  a  cocoanut,  and  its  leaves  are  always  simi- 
lar to  those  of  l^e  mature  blue  gum  but  smaller  in  size. 

P^^permint  is  another  of  the  eucalypti  which  is  found  abundantly  in 
both  Australia  and  Tasmania.  It  is  sometimes  confounded  with  stringy 
bark,  though  there  are  decided  differences,  the  leaves  of  the  former  being 
much  smaller  than  those  of  the  latter,  and  its  bark  being  much  more 
like  that  of  blue  gum.  The  peppermint  grows  in  different  localities  to 
heights  varying  from  80  to  200  feet.  The  timber  obtained  from  it  is 
similar  in  character,  but  inferior  to  stringy  bark. 

At  least  seven  different  varieties  of  eucalyptus  are  known  as  hox^  hmg 
locally  distinguished  as  **  yellow  ^  box,  "  swamp  "  box,  &c.  The  different 
varieties  of  box  are  generally  found  on  plains  at  a  distance  from  the  rivers, 
occupying  along  the  courses  of  the  minor  creeks,  the  place  which  red  gum 
takes  on  the  rivers  and  laiger  creeks,  and  they  grow  to  hdghts  generally 
varying  from  40  to  60  feet.  The  woods  of  the  different  Unds  of  box 
vary  much  in  appearance,  but  their  properties  are  in  many  respects  similar. 
The  specific  gravity  is  scarcely  ever  less  than  unity,  and  the  timber  is  hard 
and  tough,  but  is  obtainable  only  in  short  pieces.  Though  most  suitable 
for  such  uses  as  naves  of  wheels,  it  is  extensively  used  for  genwal  pur- 
poses in  localities  where  other  timbers  are  not  readily  available.  Box 
trees  of  nearly  every  variety  have  the  great  drawback  of  being  more  or 
less  hollow,  when  they  oome  to  maturity. 

The  trees  which  have  been  mentioned,  include  the  best  known  and  most 
rained  of  the  eucalypti  in  Victoria  and  New  South  Wales.  Besides  these, 
there  are  some  varieties  which  will  yet  attract  much  attention.  In  an 
official  publication  of  the  former  colony,'  it  is  stated  that  a  speoimeB  of 
the  eucalyptus  amygdalina  was  found  in  one  of  the  mountain  ranges  in  a 
noTth«easterly  direction  from  Melbourne,  which  proved  to  be  480  feet  is 
height,  and  that  another  spedmen  measured  81  feet  in  circumfevenee. 

Of  the  other  trees  indigenous  to  Eastern  and  Bouth-*Eastem  Austniia, 
probably  the  most  important  are  the  red  cedar  and  the  cypress  pine. 
The  former  is  found  chiefly  in  the  north«eastem  districts  of  New  South 
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Wales  and  in  Qneensland.  It  grows  to  a  height  of  150  feet,  and  a  diame- 
ter of  10  feet,  and  the  wood  in  colour  resembles  mahogany,  bat  its  specific 
gravity  is  only  0*45.  Owing  to  the  enormous  quantities  of  this  timber 
which  are  exported  from  New  South  Wales,  the  supply  is  rapidly  decreasing. 
It  was  estimated  in  1871,  that  the  export  to  Melbourne  alone  amounted  to 
1 ,00,000  superficial  feet  per  week.  Red  cedar  combines  great  lightness  with 
durability  and  a  fair  amount  of  strength,  and  it  is  very  easily  worked. 

The  cypress  pine  seldom  grows  to  a  height  of  more  than  from  50  to  70 
feet,  and  a  diameter  of  1^  feet,  and  the  timber  obtained  from  it  has  only 
about  half  the  value  of  red  cedar.  It  is  found  in  great  abundance  on 
sandy  ridges,  and  on  low  hiUs.  As  the  cypress  pine  is  perfectly  straight, 
and  is  easily  worked,  it  is  used  very  extensively,  and  the  export  of  it  is 
equal  to  that  of  red  cedar. 

The  most  important  trees  of  Western  Australia  are  the  jarrah,  the 
tewart  or  tuart,  and  the  kari,  all  varieties  of  eucalyptus.  Jarrah  is 
found  in  great  abundance  on  the  so-called  ironstone  ranges.  It  is  a  hard, 
close-grained,  dark-red  wood,  bearing  considerable  resemblance  to  red  gum. 
It  has  obtained  a  very  high  reputation  for  strength  and  durability,  and  for 
resistance  to  the  attacks  of  the  white-ant  and  the  teredo  navalis.  For 
these  reasons  it  constitutes  one  of  the  most  important  of  the  exports  of 
Western  Australia,  and  considerable  quantities  of  it  have  been  sent  to 
India  for  sleepers.  The  reputation  of  jarrah  timber  was  seriously  injured 
some  years  ago,  on  account  of  the  export  of  large  quantities  of  an  inferior 
variety  found  in  the  plains ;  India  being  intended  as  one  of  the  sufferers 
from  the  transaction.  It  was  then  clearly  ascertained  that  jarrah  timber 
of  the  best  quality  is  found  only  on  the  mountain  ranges. 

The  tuart  and  the  kari  are  not  so  well  known  as  the  jarrah,  although 
they  both  possess  some  exceptionally  valuable  properties.  The  former 
furnishes  a  yellowish  coloured  wood,  which  besides  being  one  of  the 
strongest  ever  experimented  on,  is  remarkably  durable  when  exposed  to 
all  changes  of  weather.  The  kari  tree  grows  to  a  height  of  400  feet,  and 
furnishes  a  reddish  coloured  wood  of  great  strength,  but  which  like  tuart, 
possesses  defects,  which  make  its  value  disproportionate  to  its  strength. 

Only  the  two  principal  New  Zealand  trees  may  be  briefly  noticed.  These 
are  the  ihitin  and  the  Mara,  The  former  is  restricted  .to  the  northern 
part  of  the  North  Island.  It  attains  a  height  of  160  feet  and  a  diameter 
of  12  f^t|  and  it  ia  straight  and  symmetrical.    It  is  extensively  exported 
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to  England  and  elsewhere  for  masts,  spars,  &c.,  the  quantity  exported 
being  7^  times  greater  than  that  of  all  the  other  timbers  pnt  together. 

The  totara  is  fonnd  thronghont  the  colony.  It  grows  to  a  height  of  from 
50  to  70  feet,  and  attains  a  diameter  of  from  4  to  6  feet  It  is  yery  ti- 
luable  for  piles  of  wharves,  as  it  resists  the  teredo  for  a  long  period,  and 
for  general  pnrposes  it  is  more  durable  than  kauri,  notwithstanding  the 
deservedly  high  reputation  which  the  latter  possesses. 

The  only  Tasmanian  tree  which  I  propose  to  describe  is  the  blue  gum 
or  eucalyptus  globulus.  This  is  a  tree  which  has  attracted  an  extraordi- 
nary amount  of  attention,  and  to  which  have  been  ascribed  almost  all  the 
virtues  of  all  the  eucalypti,  as  well  as  some  properties  to  which  none  of 
them  has  a  claim.  We  have  seen  that  a  Committee  of  'Victorians  call  it 
an  imported  tree,  and  I  have  looked  in  vain  for  its  name  in  catalogues  of 
the  valuable  trees  of  the  other  Australian  colonies.  Hence  it  is  quite 
an  error  to  term  it  ''  the  Australian  blue  gum. "  Tasmania,  the  native 
land  of  the  eucalyptus  globulus,  possesses  a  very  temperate  climate,  and 
though  it  has  some  extensive  plains,  is  essentially  a  hilly  country.  Not 
only  is  the  blue  gum  generally  found  on  the  mountains  and  hilly  ground 
but  it  has  been  ascertained  that  the  trees  grown  in  valleys  or  ravines 
furnish  timber  of  inferior  quality  to  that  from  the  mountains.  Yet  the 
eucalyptus  globulous  is  popularly  described  as  a  tree  which  is  remarkably 
suited  for  planting  in  marshy  plains  in  tropical  and  semi-tropical  climates. 
The  explanation  of  this  extraordinary  fallacy  is  no  doubt  to  be  found  in  the 
statement  made  by  the  Victorian  Committee,  that  the  name  ''  blue  gum  '* 
has  been  applied  to  nearly  every  variety  of  eucalyptus  which  supplied  tim- 
ber to  the  Australian  market.  Again  the  medicinal  properties  of  the  blue 
gum  are  much  overrated,  although  it  is  beyond  question  that  it  and  several 
others  of  the  eucalypti  do  possess  such  properties.  The  aborigines  of  New 
South  Wales  made  known  these  properties  to  the  colonists  long  ago,  but 
the  tree  which  chiefly  supplied  them  with  medicines  was  the  red  gum. 

It  is  not  improbable  that  some  of  the  Australasian  trees  which  have 
been  acclimatized  in  various  countries  as  blue  gum,  are  those  known  in 
Victoria  and  Tasmania  as  swamp  gum.  As  much  controversy  has  taken 
place  on  this  subject,  and  as  the  Tasmanian  blue  gum  is  one  of  the  most 
easily  recognized  of  the  eucalypti,  a  description  of  it  will  not  be  out  of 
place.  The  name  of  this  tree  is  probably  derived  from  the  whitish  blue 
colour  of  both  the  leaves  and  bark  in  the  early  stages  of  its  growth.    At 
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this  period  the  leaves  are  sessile  and  opposite,  and  are  from  3  to  6  inches 
in  length,  and  from  2  to  S^  inches  in  breadth.  They  are  round  at  the 
extremity,  and  ha?e  distinct  upper  and  under  surfaces.  The  duration  of 
this  series  of  leaves  is  uncertain,  but  is  generally  from  two  to  six  years. 
The  second  series  of  leaves  begin  to  appear  at  the  top  of  the  tree  and  at  the 
extremities  of  the  branches,  and  the  process  of  changing  goes  on  some- 
times for  several  years  till  all  the  leaves  of  the  first  series  have  been  dis- 
placed. The  second  series  of  leaves  is  entirely  different  to  the  first,  being 
petiolate,  alternative,  and  pendulous.  They  are  generally  from  4  to  8 
inches  in  length,  and  from  1  to  1^  inches  in  breadth,  are  tapering,  carved 
downwards  towards  the  point  or  apex,  and,  like  the  leaves  of  other  eu- 
calypti, hang  vertically.  To  an  ordinary  observer  the  two  sides  of  one  of 
these  leaves  are  precisely  similar.  When  a  tree  is  felled,  or  when  any  of 
the  large  branches  are  cut  off,  the  shoots  which  spring  from  the  stump 
have  sessile  leaves  similar  to  those  of  young  plants.  The  appearance  of 
blue  gum  trees  of  from  three  to  nine  years  of  age,  or  of  old  trees  which 
have  been  dressed,  is  therefore  most  peculiar,  the  whitish-blue,  rounded 
sessile  leaves  being  a  remarkable  contrast  to  the  dark  green,  pointed,  pen- 
dulous ones.  I  had  an  opportunity  of  noticing  numerous  instances  of 
the  former  near  Hobart  Town  in  Tasmania,  and  of  the  latter  at  Ballarat, 
where  imported  blue  gums  have  been  planted  along  the  sides  of  the  streets. 
After  the  disappearance  of  the  sessile  leaves,  the  blue  gum  seems  to  be 
continually  shedding  the  outer  layers  of  its  bark.  This  generally  gives 
the  tree  an  untidy  appearance,  as  the  bark  comes  off,  either  in  short  curled 
pieces  or  in  long  shreds,  which  frequently  hang  loosely  to  the  tree.  When 
a  strip  of  the  outer  layer  of  bark  is  peeled  off,  the  surface  exposed 
is  of  a  bright  buff  colour,  which,  however,  soon  changes  to  grey.  The 
timber  of  the  blue  gum  is  of  a  yellowish  grey  colour,  of  a  close,  straight 
grain,  and  has  a  specific  gravity  of  1*05.  As  the  tree  grows  to  an  enor- 
mous height,  the  timber  can  be  had  in  very  large  pieces.  It  has  a  first 
class  reputation,  notwithstanding  the  fact,  that  it  has  generally  been  cut 
at  a  bad  time  of  the  year,  and  used  without  being  properly  seasoned.  It 
has  the  disadvantage  of  being  readily  attacked  by  the  teredo. 

As  stated  in  the  foregoing,  the  eucalyptus  globulus  is  not  suited  to 
low  or  marshy  land  but  to  hilly  ground.  Red  gum  on  the  contrary 
flourishes  most  in  rich  alluvial  soils  and  in  close  proximity  to  water.  The 
best  blue  gum  is  found  in  the  very  temperate  climate  of  Tasmania,  while 
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the  best  red  gum  is  on  the  banks  of  the  Marraj,  in  a  climate  subject  to  hot 
winds,  and  differing  only  in  a  moderate  degree  to  that  of  Northern  India. 
It  is  therefore  natnral  to  infer  that  while  bine  gnm  is  not  well  suited  for 
planting  along  the  banks  of  canals  in  Upper  India,  red  gum  would  be  an 
excellent  tree  for  this  purpose.  Moreover,  for  sleepers  red  gum  is  scarce] j 
to  be  surpassed.  Its  value  for  this  purpose  is  well  understood  and  appreci- 
ated in  Australia,  and  a  large  quantity  from  the  banks  of  the  Murray  was 
sent  to  India  sometime  ago.  It  may  be  here  remarked  that  the  red  gnm 
timber  on  the  Murray  has  the  reputation  of  being  more  free  from  gum 
Tcins  than  that  on  the  Murrumbidjee  and  in  most  other  localities. 

Another  tree  which  would  probably  be  well  worth  acclimatizing  in 
Upper  India  is  the  cypress  pine.  On  the  vast  plains  of  New  South 
Wales,  sandy  ridges  are  frequently  met  with,  on  which  only  a  yeiy  scanty 
crop  of  grass  is  seen  in  the  best  seasons,  yet  here  the  cypress  pine  not  only 
grows,  but  flourishes  and  spreads.  It  cannot  be  considered  a  first  class 
wood,  but  it  is  perfectly  straight,  is  easily  worked,  and  is  not  readily 
attacked  by  white  ants.  If  successfully  introduced,  I  belieTe  it  would  be 
found  more  generally  useful  than  any  of  the  common  trees  of  the  plains. 

For  several  reasons  Australasian  timbers  hare  not  acquired  such  a  high 
reputation  as  they  deserve.  In  the  first  place,  colonial  timbers  are  almost 
invariably  sold,  and  in  the  colonies  used  unseasoned.  In  the  second  place 
it  frequently  happens  that  trees  of  the  same  kind  grown  in  different  places 
differ  widely  in  their  qualities,  and  that  those  grown  on  the  plains  and  more 
accessible  places,  furnish  a  much  inferior  timber  to  those  grown  on  hills. 
This,  as  already  mentioned,  is  exemplified  in  the  case  of  jarrah.  Again 
the  similarity  existing  among  large  groups  of  colonial  woods,  affords  dis- 
honest persons  opportunities  for  selling  inferior  timbers  instead  of  others 
of  a  superior  description,  which  they  resemble.  In  connection  with  the 
facilities  for  deception,  the  select  committee  already  referred  to,  remarked 
that,  "  there  seems  to  be  but  little  doubt  that  many  of  the  rarietiea  of 
the  eucalyptus  produce  timber  so  much  alike,  that  one  piece  cannot  well  be 
distinguished  from  another,  even  when  cut  from  trees  having  well-defined 
botanical  distinctions.  As  a  consequence,  the  timber  receives  its  name 
more  from  the  fashion  of  the  yard  where  it  is  sold,  or  the  saw-mill  where 
it  is  cut,  than  from  any  well  grounded  knowledge  of  the  particular  number 
of  the  family  from  which  it  has  been  deriTed.*'  The  timbers  of  New 
Zealand  and  Tasmania  labour  under  still  another  diMulrantage.    On 


''  USBFUL  AUSTRALASIAN  TIMBBB6.  323 

account  of  the  inconTenience  attending  winter  work  in  the  forests,  the  trees 
are  generally  felled  in  the  snmmer  months,  when  the  sap  is  in  acti?o 
circulation.  In  Australia  also  little  discrimination  is  used  in  this  matter. 
The  eucalypti,  as  evergreens,  should  be  felled  immediately  after  the  ripen* 
ing  of  the  seed,  and  this  fact  is  not  so  well  known  as  it  should  be.  This 
carelessness  in  regard  to  the  seasons  at  whioh  timber  is  felled,  perhaps 
accounts  to  some  extent  for  the  serious  defect  which  it  is  admitted  that  a 
large  proportion  of  the  colonial  timbers  possess,  namely,  that  of  warping 
when  sawn  in  half,  even  though  they  have  been  kept  for  years. 

I  have  in  nearly  every  'case  avoided  giving  the  botanical  names  of  the 
various  eucalypti,  as  I  found  by  comparing  dififerent  reports  that  different 
botanists  in  several  important  cases,  gave  different  names  to  the  same  tree. 
I  may  add  that  in  J^ew  South  Wales  there  are  at  least  three  varieties  of 
the  eucalyptus  called  ''  blue  gum,"  at  least  five  called  ''  ironbark,"  at  least 
six  called  by  each  of  the  names  "  red  gum"  and  "  white  gum,"  and  at  least 
seven  called  "  box."  It  is  known  too  that  the  Tasmanian  blue  gum  was 
called  by  one  writer ''  eucalyptas  diversifolia,"  and  by  some  others  "  eu« 
calyptus  pulverulenta."  It  is  sufficiently  evident  from  this,  that  there  is 
ample  room  for  an  endless  variety  of  mistakes,  and  also  that  in  regard  to 
Australasian  trees,  locality  is  often  of  much  more  importance  than  name. 

I  brought  some  specimens  of  colonial  wood,  with  me  on  my  return  to 
India,  intending  to  ascertain  to  what  extent  they  resist  the  attack  of  white 
ants,  but  have  not  had  time  yet  to  do  more  than  make  a  ten  days*  trial.  I 
may  .mention,  however,  that  specimens  of  ironbark,  red  gum,  cypress  pine, 
jarrah,  kauri,  myrtle,  blackwood  and  Haon*  pine,  after  being  buried  for 
that  period  in  a  white  ant's  nest  where  the  ants  were  present  in  multitudes, 
remained  untouched.  (The  last  three  woods  are  Tasmanian,  and  the  last 
two  are  much  valued  in  cabinet-making). 

Annexed  is  given  a  table  showing  the  strength  and  elasticity  of  most 
of  the  timbers  already  described,  as  compared  with  English  oak.  I  have 
reduced  the  results  given  in  the  report  of  the  experiments  at  the  Sydney 
Mint,  to  the  same  form  as  the  tables  showing  the  Woolwich  Dockyard  ex- 
periments, so  as  to  admit  of  their  comparison.  The  value  of  the  Sydney 
experiments  is  greatly  lessened  by  the  admission  that  they  were  made  with 
unseasoned  timber.  Ironbark  is  the  only  timber  which  entered  into  the 
experiments  at  both  places,  and  I  find  that  while  in  transverse  strength  the 

f  Called  after  the  River  Haon  where  it  Is  abundantly  found. 
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nlio  which  it  bears  to  Ei^lish  oak  ia  the  cue  of  the  seasoned  treed,  it 
I-TIS  to  1,  that  of  the  unseaeoned  wood  is  odIj  1-441  to  1.  In  regard  to 
elasticity,  the  diffcreuce  is  mnch  more  strikJog,  the  seasoned  wood  giring 
2-165  to  1,  and  the  uuseaaoned  1-172  to  1.  The  Sydney  experimentB  are 
therefore  valuable  only  as  showing  the  strength  of  the  timbers  commonly 
to  be  met  with  in  the  Australian  markets,  and  not  as  an  index  to  the 
strength  of  first  class  specimens.  On  the  other  hand,  the  W^oolwich  ex- 
periments show  the  tranaverse  strength  of  kaori  one-third  leas  than  the 
result  obtained  in  eKpeciments  made  at  the  instance  of  the  QoTenimenl 
of  New  Zealand. 

Experiments  om  Aubtbalasiau  Timbeks. 

Showing  the  Trantveru  and  TentiU  Strength  and  the  Elcutidly,  that  of 
Engliih  Oak  being  unity. 
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li 
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17 
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29 

D-600 

jt 
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Jarrah,       .. 

Western  Ana- 

1-01 

0-830 

31 
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' 

1! 
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Bedewn,    .. 

N.  3.  Wales, 

1-12 

f0992 

26  A 

I 

Stringy-bark, 

Do., 

0-98 

J  0-983  28  A 

I 

Peppermint, 

Do, 

0-90 

■|  0-69541 A 
1.0B95|41A 

^ 

CypreMpint, 

Do., 

066 

L 

These  experiments  weie  <;arried  ont  chiefly  at  the  Woolirich  Dockyard. 

The  nambers  to  which  '■  A  "  is  attached,  show  the  order  in  which  the  timbert 
experimented  on  at  Sydney  wuold  have  itood  among  those  experimented  on  at 
Woolwich. 

H.  G.  McK. 
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No.  CCXXXVIII. 


MEMORANDUM    ON    THE    LAWRENCE   AND    MONT- 

GOMERY  HALLS. 

[  Vide  Plates  XXXV.  to  XL.] 


By  Rai  Bahadur  Kunhta  Lal^  Assoc.  InsL  C.E,,  JSjree.  Engineer, 
P.  W.  Deparlmenl,  Punjab. 


The  accompanying  Plates  XXXV.  to  XL.,  show  the  above  baildings,  well 
known  at  Lahore  as  the  "  Lawrence  and  Montgomery  Halls." 

They  are  joined  by  a  covered  corridor,  and  are  situated  in  the  Lawrence 
Gardens,  the  Lawrence  Hall  fronting  the  Mall,  and  the  Montgomery 
Hall  facing  the  central  avenue  of  the  gardens. 

The  Lawrence  Hall  was  built  in  1862,  from  designs  by  Mr.  G.  Stone, 
G.E.,  and  the  Montgomery  Hall  in  1866,  from  designs  by  the  late  Mr.  J. 
Gordon,  G.E. 

The  original  vaulted  roof  of  the  Montgomery  Hall  cracked  much 
subsequently,  and  was  considered  unsafe. 

It  was  removed  in  1875,  and  replaced  with  a  wooden  roof  overlaid 
with  galvanized  corrugated  iron  sheets  No.  18  B.W.G.,  and  having  an 
ornamental  coved  wooden  ceiling,  beautifully  painted,  and  fitted  with  glass 
windows,  which  have  a  good  effect.  This  re-roofing  and  restoring  of  the 
Hall,  has  been  successfully  carried  out  by  Rai  Bahadur  Eunhya  L&l, 
C.E.,  Exec.  Engineer  of  Lahore,  in  1875-76.  Vide  Professional  Papers 
on  Indian  Engineering,  Second  Series,  No.  GCXXXVHI. 

The  Lawrence  Hall  was  built  chiefly  from  contributions  by  the  Euro* 
pean  community  of  the  Punjab,  and  the  Montgomery  Hall,  from  sub- 
scriptions by  the  Native  Chiefs,  whose  names  are  inscribed  on  a  marble 
tablet  in  the  building. 
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The  Lawrence  Hall  measnres  65'  X  d2'*5  inside,  and  is  chiefly  used  aa 
an  Assembly  room  for  public  meetings,  and  theatrical  entertainments. 

The  Montgomery  Hall  is  106'  X  ^6'  wide  inside,  and  is  used  for 
Grand  Balls  and  Durbars. 

The  Lawrence  Hall  was  built  as  a  Memorial  of  Sir  John  (now  Lord) 
Lawrence,  and  the  Montgomery  Hall  in  memory  of  Sir  Robert  Mont-r 
gomery. 

The  Lawrence  Hall  cost  about  Rs.  84,000,  and  the  Montgomery  Hall| 
Rs.  1,74,000,  as  follows :— . 


Original  cost  of  bmlding  with  vaulted  roof, 1,08,000 

(from  sobscriptioiiB  by  Native  Chie&). 
Snbseqnent    re-roofing    and  restoration  from  Oefural  It,  \ 

Fund^ 66,000 

Total,    ..        ••     1,74,000 

The  style  of  architecture  of  both  the  Halls  is  classical,  and  the  particn-> 
lars  of  work,  are  as  follows : — 

The  walls  are  throughout  of  pucka  bricks  laid  in  mortar,  lime  plas- 
tered inside  and  outside.  The  interior  and  exterior  of  the  Lawrence 
Hall,  and  the  exterior  of  the  Montgomery  Hall,  are  polished,  and  jointed 
in  imitation  of  stone. 

The  floors  are  boarded  of  deodar  wood,  except  those  of  the  corridors 
and  the  small  rooms  attached  to  the  Lawremce  Hall,  which  are  of  well 
burnt  hexagonal  tiles,  laid  neatly  in  cement. 

The  doors  and  windows  are  of  deodar  wood,  glazed  and  painted. 

The  roofs  are  trussed,  with  ornamental  wooden  ceiling  underneath ;  flat 
in  Lawrence  Hall,  and  coyed  in  Montgomery  Hall. 

The  roof  covering  of  the  Lawrence  Hall  is  lime  terraced,  and  that  of  the 
Montgomery  Hall,  galvanized  corrugated  iron  sheets,  with  perforated 
ridge  ventilation. 

A  large  space  outside  both  the  buildings  is  metalled  with  kankar,  with 
a  good  slope  outwards,  to  lead  the  drainage  away  from  the  buildings. 

K.  L, 
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No.  CCXXXIX. 
NEW  FEMALE  PENITENTIARY  AT  LAHOEE. 

[  Vidg  Plate  XII.] 


By  Rai  Bah  ado  a  Kunhya  Lal^  Assoc.  InsL  C.E.,  Exec,  Engineer , 
Ps  W.  Department,  Punjab, 


The  New  Female  Penitentiary  at  Lahore,  is  built  as  per  block  plan 
accompanying,  and  the  buildings  are  sufiScient  to  hold  250  Natire,  and 
4  European,  prisoners.     Of  the  former,  48  are  accommodated  in  cells, 
and  the  rest  in  wards.     Besides  the  above,  accommodation  for  8  Jnyenilea 
is  provided  in  separate  buildings.     Wards  for  4  European  prisonerSy 
12  quarantine  cells  for  Natives,  and  quarters  for  the  Matron,   Native 
Doctor,  Female  Warders,  and  Guard,  &c.,  are  also  constructed.     All  the 
buildings  with  the  exception  of  the  office,  and  quarters  for  the  Matron, 
Native  Doctor,  Quard,  Female  Warders,  and  Guard  Boom,  which  are 
placed  outside  the  jail,  on  either  side  of  the  gate,  are  enclosed  in  an 
enclosure,  measuring  770'  x  770'.    The  enclosure  wall  is  of  pise  work, 
2^  feet  broad  and  14  feet  high,  the  corners  of  the  square  being  rounded 
off  to  a  radius  of  40  feet.     The  buildings  are  arranged  on  the  radiating 
principle,  between  two  circles  (an  outer  one  and  an  inner  one)  inside 
the  enclosure,  the  outer  circle  having  a  radius  of  830  feet,  and  the 
inner  one  of  75  feet,  both  being  connected  by  an  open  passage  18  feet 
inside.    There  are  eight  compartments,  four  of  which  have  a  ward  in  each, 
for  50  prisoners ;  two  have  blocks  of  solitary  cells  for  24  prisoners  each ; 
one  has  workshop  and  cells  for  8  juveniles;'  and  one,  the  largest  of  all, 
has  a  hospital  for  24  patients* 

The  subsidiary  buildings  are  arranged  as  shown  on  the  plan*    The 
general  construction  of  the  binildings  is  as  follows  :— 
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328  KBW   FRlfALE   FIHITBKTIARY    AT   LAHORV. 

Foundation, — Of  concrete  1  to  1^  feet  in  depth. 

Plinth. — Of  small  native  bricks. 

Superstructure. — Of  sundried  bricks.  Except  door  jambs,  flat  and 
relieving  arches,  over  doors,  verandah  pillars  and  arches,  1  foot  under 
wall  plates,  and  1^  feet  under  treads  of  doors,  and  other  openings,  which 
are  pucka,  of  small  native  bricks.  The  outer  walls  of  hospital,  barracks, 
workshops,  cook  houses,  matron's  house,  quarters  for  the  guard,  and 
office,  are  faced  with  pucka  bricks  and  pucka  plastered. 

J7Yoor«.— Of  hospital,  office,  matron's  house,  and  wards  for  European 
prisoners,  are  pucka,  roof  of  all  the  buildings  is  flat,  supported  on  deodar 
beams  and  rafters,  overlaid  with  bricks  and  mad,  except  that  of  the 
hospital  and  barracks,  which  is  made  of  small  native  tiles,  on  deodar 
trusses,  purlins,  and  battens.  Doors  of  hospital,  matron's  house,  and 
office,  are  glazed,  those  of  barracks  and  godowns  panelled,  and  those 
of  oelk  are  battened,  covered  with  sheet  iron,  having  openings  fitted 
with  iron  bars,  for  ventilation. 

Openings  for  ventilation  are  provided  in  flat  roofs,  covered  with 
inverted  ghurrahs,  and  complete  ridge  ventilation  is  provided  in  the 
barracks  and  hospital.  This  Jail  is  similar  to  the  Montgomery  Jail, 
which  was  also  constructed  by  the  writer,  see  Article  No.  CXLIII.  of 
2nd  Series.  The  only  new  thing  in  this  Jail  is  the  water  supply.  In 
other  Jails,  wells  are  sank  almost  one  in  each  compartment,  from 
which,  the  inmates  draw  their  supply  of  water,  by  means  of  buckets  or 
pumps,  but  in  this  Jail,  only  one  well  is  sunk  in  the  centre  of  the  inner 
enclosure,  near  which,  a  reservoir  is  constructed,  which  is  entirely  of 
pucka  masonry  of  small  native  bricks.  Its  dimensions  are  15'  x  15' 
X  5',  and  its  bottom  is  5  feet  above  the  level  of  the  ground.  It  is 
pucka  plastered  inside  and  outside.  A  filter  4^'  X  d|'  is  attached  to  the 
reservoir. 

Pipes  are  laid  from  the  reservoir  to  the  various  compartments,  which 
terminate  in  stand  pipes,  the  tops  of  which  are  2 1  to  8  feet  above  the 
level  of  the  ground.  The  pipes  consist  of  best  burnt  pottery,  nnglaaed, 
4  inches  in  diameter,  enclosed  in  pucka  masonry  2^'  x  21',  and  laid 
d  feet  below  the  ground.  The  pucka  masonry  rests  on  a  bed  of  concrete^ 
6  inches  thick,  and  well  consolidated.  The  pipes  at  the  bends  consist 
of  "^Aorrts"  or  small  "^Aorms"  having  pipes  in  the  directions  of  the 
bendS|  and  the  joints  of  the  pipes  are  secured  with  fine  cement  of  stone 
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lime,  and  the  whole  of  the  pipes  wrapped  round  with  thick  coane  olotb, 
dipped  in  a  hot  mixtore  of  fat,  wax,  oil,  and  lime,  and  then  enclosed 
in  masonry,  which  makes  the  pipes  watertight. 

The  stand  pipes  consist  of  small  pillars  of  pncka  masonry,  ha?ing 
zinc  pipes  in  their  middle,  connected  with  the  angular  pottery  pipes 
below,  and  terminating,  on  one  side,  in  a  brass  tap,  which  can  be  opened 
and  shut  by  turning  a  handle. 

Water  from  the  well  is  raised  by  means  of  a  Persian  wheel  into  a 
small  reseryoir,  from  which  it  passes  into  the  filtering  beds,  thence  into 
a  small  tank,  and  from  there  into  the  large  reserroir. 

The  reservoir  and  filter  are  coyered  with  a  wooden  roof,  haying  openings 
both  at  the  top  and  the  eaves,  fitted  with  wire  netting  |-inch  mesh,  for 
purposes  of  ventilation.' 

The  ends  of  the  openings  for  passing  the  water  from  the  reservoir  into 
the  pipes,  are  fitted  with  perforated  zinc  plates,  to  preyent  any  thing 
from  getting  into  the  pipes.  The  reservoir  has  a  drain  at  its  bottom, 
for  cleaning  it,  when  necessary. 

The  accompanying  abstract  gives  the  quantities  of  work,  the  actual 
working  rates,  and  the  cost  of  the  entire  work. 

Abstract. 

eft  BB. 

74,214*26   GoncTDte  in  foandation,  at  Rb.  12-6-7  per  100, 9,211 

2,68,766        Kacha  masonry,  at  Rs.  8  per  100,           8,068 

89,126       Pi8«  work,  at  Rb.  M6-2  per  100,            1,741 

1,27,226*41   Kacha-packa  maaoniy,  at  Ra.  8-18-4  per  100, 11,277 

1,31,58714  Facka  masonry,  at  Rs.  19-16-7  per  100, ^6,289 

15,822                 „               at  Rs.  26  per  100,          8.956 

2,986'               „               at  Rs.  80  per  100,          881 

7,57,956       Earth  filling  in,  under  plinth,  at  Ra.  0-4-0  per  100,      . .        . .  2,010 
8.  ft 
27,036       Small  tiled  roof  covering,  including  square  tiles  and  lime,  at 

Rs.  10  per  100, 2,708 

4,450       Battened  doors  and  windows,  at  Ra  0-10-0  per  foot,    ..        ..  2,781 
mdB.Br. 
797    1       Ironwork  of  doors,  of  cells,  and  barracks,  at  Ba,  11-12-4  per 

mannd,     • 9,882 

182  85       fron  tie-rods,  at  Rs.  14  per  maund,          1,860 

eft 

9,682*20  Deodar  wood  wall  plates,  kurrees  and  wood  for  trusses,  &c,  at 

Rs.  1-8  per  foot, 14,448 

Carried  over,  ..  94,602 
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eft                                                                   BroQgl^  forward,      ••  94,608 

11,245       Deodar  wood,  wall  plates  and  beami,  &c^        S^49 

8.  ft 

20,709       Flat  roof  coyering,  2nd  class,  at  Ba.  8-7-0  per  100,     ..        ..  1^ 

77,057       Picka  plaster  of  coping  and  water-drips,  at  Bs.  8-15-7,  per  100,  3,062 

5,668            „           „        drip  cornice,  at  Rs.  20-10-8  per  100,   . .         . .  1,170 

2,684        Doors  of  cells,  of  kikar  wood,  at  Rs.  0-9-1,  per  100,     . .         . .  1,47$ 

18,126       Soof  ooyering  of  sfrkf  and  mnd,  at  Bs.  2-8-7,  per  100,           . .  83S 

1,980       Bnllees  for  roof,  at  Bs.  12  per  score,       1,188 

14,819        Tiled  flporing,  at  Bs.  10-8-5  per  100, 1,509 

900       Brick  flooring,  at  Rs.  15  per  100,             186 

800       Pocka  terraced  flooring,  at  Bs.  8  per  100,          64 

2,188-8     Half  glazed  and  half  pannelled  doors  and  windows,  at  Bs.  1-0-6,      2,207 

1       Pncka  well,  with  reserroir,  at  Bs.  781 781 

1       Pncka  well,  without  reservoir,  at  Bs.  600,          600 

Levelling  site  and  clearing  rubbish,  &c., 211 

Compensation  for  l^d, 1,087 

Cost  of  three  centerings  for  arches,  at  Bsl  250  each,    . .        . .  750 
r.  ft. 
1,152       Pncka  cornices  of  bridge  on  the  road  leading  to  the  new 

Female  Penitentiaxy,  at  Bs.  0-6-0  per  foot, 488 

14       Corbs  for  wells  of          do.           da,         atBs.  20each9    ..  280 
eft 

16,079       Brick  metalling  ronnd  the  bmldings,  at  Bs.  2-15-2  per  lOOy    ..  474 

9,401       Eankar  metalling,  at  Rs.  8-5-5  per  100, 784 

3       Entrance  gates,  at  Bs.  250  each, •  •  750 

r.ft 

2,182       Earthen  pipes  enclosed  in  pncka  masonrj,  at  Bs.  19-15-8  per  100,  426 
eft 

4,85,671       Pilling  ditch  and  hollows,  at  Bs.  2-14-0  per  100,           ..       ..  1,408 
a.  ft 

25,269       Pncka  plaster  of  buildings,  at  Rs.  8- 12^,         952 

Pettj  items,  under  Bs.  200  each,  . .        1,156 

Contingencies,          5,761 

Total,        1,25,465 

Deduct  prison  labour,        4,104 

Grand  Total,       1,81,861 

K.  L. 
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No.  CCXL. 


PROTECTION  OP  BUILDINGS  FROM  LIGHTNING- 


By  De.  R.  J.  Mann,  M.D.,  F.R.A.S. 


IHead  he/ore  the  Meteorological  SoeUty,  2Bth  Aprils  1876.J 

Iv  bringing  the  subject  allnded  to  in  this  communication  under  the  notice 
of  the  Society  of  Arte,  the  author  intends  to  mark  the  present  state  of  exact 
science  in  regard  to  the  matter,  and  to  describe  as  compactly  as  may  be 
doAe,  consistent  with  intelligent  and  sufficient  explanation,  the  way  in 
which  bnildings  may  be  most  conTeniently  and  certainly  secured  against 
damage  from  lightning. 

As,  however,  it  is  the  purpose  of  this  paper  to  deal  intelligently,  rather 
than  dogmatically  and  prescriptiyely,  with  the  theme,  attention  must  in 
the  first  instance  be  drawn  to  certain  established  principles  of  electrical 
science  which  underlie  the  explanation  that  has  to  be  given.  This  is 
essentially  necessary  in  this  case,  because  the  most  absurdly  inefficient, 
and  often  dangerous,  attempts  to  protect  buildings  from  lightning  are 
continually  encountered,  and  because  these  constructional  blunders  can 
almost  always  be  directly  traced  to  ignorance  or  misapprehension  of  sim- 
ple and  well-ascertained  electrical  laws. 

It  is  a  familiar  and  at  the  same  time  an  all-important  fact,  that  the 
electric  force  is  transmitted  readily  through  certain  kinds  of  bodies,  such 
as  metals  and  moist  substances,  which  are  therefore  termed  conductors ; 
and  that  it  is  transmitted  with  comparative  difficulty  through  other  sub- 
stances, such  as  glass,  gutta-percha,  and  resins,  which  are  called  "  insula- 
tors." 

It  should  be,  however,  understood  that  the  rigidly  scientific  interpreta- 
tion of  this  difference  ia  that  dissimilar  bodies,  of  whatever  kind,  vary  in 
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the  resistance  which  they  offer  to  the  passage  of  the  electrical  eaergy, 
and  that  that  passage  is  effected  easily  and  readily  when  the  resistance  is 
small,  but  slowly  and  with  difficulty  when  the  resistance  is  great.  In  strict 
accaracy,  there  is  probably  no  such  thing  as  an  absolute  electrical  insalator. 
If  a  rod  of  glass  and  a  rod  of  metal  be  presented  to  an  excited  electric, 
the  electrical  charge  will  escape  through  both,  but  yery  nearly  the  whole 
will  go  through  the  metal,  and  almost  none  will  go  through  the  glasa. 
The  precise  proportion  that  will  traverse  each  will  be  determined  by  the 
relatiye  powers  of  resistance  inherent  in  the  glass  and  in  the  metal.  The 
matter  is  spoken  of,  in  loose  terms,  as  if  all  the  discharge  went  through 
the  metal  and  none  through  the  glass ;  and  this  answers  yery  well  for 
purposes  of  familiar  explanation,  because  the  quantity  that  escapes  through 
the  glass  is  so  very  triBing,  that  it  is  incapable  of  producing  any  percep- 
tible mechanical  effects. 

All  forms  of  electrical  machines  which  are  constructed  for  proda<»iig 
artificial  manifestations  of  electrical  force,  are  produced  by  so  arranging 
insulators  and  conductors,  as  that  the  force  may  be  generated  on  the  sur* 
face  of  the  insulators,  and  then  collected  and  conyeyed  by  the  conductors 
in  an  accumulated  form,  the  conductors  that  effect  the  accumulation  being 
in  their  turn  insulated,  so  that  the  gathered  force  may  not  escape  as 
immediately  as  it  is  engendered,  and  therefore  before  its  mechanical  or 
other  obvious  effects  can  be  manifested  and  examined. 

But  the  action  of  artificial  electrical  machines  is  also  in  a  very  large 
degree  dependent  upon  another  fundamental  law  of  electrical  action  which 
is  less  easy  to  explain,  but  which  is  of  such  nniversal  importance,  that  it 
must  be  thoroughly  understood  and  indeed  be  kept  constantly  in  mind,  as 
the  great  ruling  power  in  most  of  the  phenomena  that  have  next  to  be 
considered.  The  influential  law  which  is  here  alluded  to  is  the  one  which 
is  involved  in  all  that  is  recognised  as  ''  electrical  induction."  Whenever 
an  insulated  conducting  body  is  brought  near  to  another  electrically- 
excited  body,  but  in  such  a  way  as  that  it  is  not  in  actual  contact  with  it, 
the  insulated  conductor  immediately  shows  signs  of  being  as  it  were  sympa- 
thetically affected  by  the  mere  presence  of  the  excited  body.  When  the 
exdted  body  is  withdrawn,  the  sympathetically-aroused  excitement  in  the 
insulated  conductor  subsides ;  when  it  is  brought  back  into  close  neigh- 
boorhood,  the  excitement  immediately  returns.  This  is  what  is  called 
'<  induced  electrical  action,'*  or  "  induced  electricity." 
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The  effect  is  very  easily  shown,  in  a  snitahly  diy  atmosphere,  hy  placing 
an  insnlated  conductor  near  to,  and  not  in  contact  with,  the  excited  prime 
conductor  of  an  electrifying  machine,  and  then  taking  the  induced  elec- 
tricity from  the  separate  conductor  by  means  of  a  small  carrier  of  copper 
foil,  fixed  npon  the  end  of  a  glass*  or  ebonite  handle,  and  communicating 
the  charge  to  the  cap  of  a  gold-leaf  electrometer.  The  leayes  of  the  elec* 
trometer  immediately  diverge,  manifesting  the  presence  of  the  electric 
force  that  is  communicated  to  them.  The  experiment  may  be  yery  pleas- 
ingly varied  by  making  a  living  human  body  the  seat  of  the  indue tiye  dis- 
turbance; if  an  operator,  stands  npon  a  glass-legged  stool  with  the  finger 
of  one  hand  touching  the  cap  of  the  gold-leaf  electrometer,  and  with  the 
other  arm  stretched  out  so  that  an  assistant  can  bring  a  long  well-warmed 
glass  jar  that  has  been  rubbed  with  silk  and  amalgam,  and  in  that  way 
electrically  excited,  over  the  extended  arm  and  about  a  quarter  of  an  inch 
away  from  it.  Electrical  disturbance  is  immediately  produced  inductive- 
ly in  the  body  of  the  operator,  and  made  manifest  by  the  divergence  of 
the  gold  leaves  of  the  electrometer ;  and  the  divergence  is  produced  and 
subsides  over  and  over  again  as  the  excited  glass  jar  is  brought  near  to 
the  arm,  or  is  taken  away.  The  explanation  which  science  offers  of  the 
very  remarkable  phenomenon,  is  to  the  effect  that  the  insulated  conductor 
has  intrinsically  mixed  up  with  ite  own  molecules  two  distinct  kinds  of 
electrical  influence,  be  that  what  it  may,  whether  essentially  a  specific 
molecular  condition,  as  is  most  probable,  or  some  superadded,  and  so- 
called,  imponderable  agency,  and  that  these  two  kinds  of  electrical  force 
are  quiescent  and  inappreciable,  so  long  as  they  are  equally  balanced,  and 
as  it  were  united  throughout  the  entire  superficial  mass  of  the  conduct- 
or, but  that  they  become  operative  and  appreciable  whenever  the  two 
kinds  are  torn  apart  and  held  asunder.  The  mere  approach  of  the  excit- 
ed body  effects  this  disturbance  of  the  natural  quiescent  state,  and  this 
tearing  asunder,  and  one  of  the  kinds  is  then  accumulated  at  one  end 
or  side  of  the  conductor,  and  the  other  kind  is  collected  at  the  opposite 
end  or  side.  There  is  a  neutral  point  nearly  midway  between,  but  nearer 
to  the  end  that  is  towards  the  exciting  body,  at  which  no  electrical  in- 
fluence  of  either  kind  is  manifested.  If  the  exciting  body  is  iteelf  posi- 
tively or  vitreously  electrified,  the  end  of  the  excited  body  which  is  nearest 
to  it  is  negatively  excited,  and  the  opposite  end  is  positively  excited ;  the 
terms  positive  and  negative  being  here  understood  simply  as  convenient 
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terms  invented  to  distinguish  the  two  different  kinds  of  electrical  state 
or  force. 

The  test  of  induced  electricity,  viewed  in  contradistinction  to  a  comma- 
nicated  charge,  is  yirtaally  that  the  state  is  called  up  and  remored 
merely  hy  the  nearness  and  withdrawal  of  an  electrically- excited  body. 
If  a  charge  of  electricity  were  communicated  from  an  excited  body  by  a 
momentary  contact,  the  electrical  condition  would  continue  in  the  insulated 
conductor  after  the  exciting  body  wae  taken  away,  instead  of  instantly 
disappearing  as  it  would  in  the  case  of  induced  action.  Also  the  same 
kind  of  electrical  force  would  then  be  found  at  both  ends  and  all  over  the 
insulated  conductor. 

But  here  there  arises  a  very  curious,  and  again  most  important,  consi- 
deration. Under  the  circumstance  of  electrical  excitement  being  called 
up  in  an  insulated  conductor  by  the  near  approach  of  an  electrically  exci* 
ted  body,  the  opposite  ends  manifest  opposite  electrical  conditions,  and  on 
the  removal  of  the  excited  body  the  induced  action  disappears.  If,  how- 
ever, when  the  disturbance  has  been  inductively  produced,  the  insulated 
cond  actor  is  momentarily  touched  at  the  far  end  by  another  conducting 
body  in  contact  with  the  earth,  as  the  finger  of  an  operator,  the  induc- 
tively separated  force  belonging  to  the  insulated  conductor,  which  is  of 
the  same  kind  as  that  of  the  exciting  body,  rushes  off  to  the  earth ;  and 
then  when  the  exciting  body  is  removed,  the  insulated  conductor  does  not 
return,  as  it  woold  otherwise  have  done,  to  its  natural  and  quiescent  state, 
but  manifests  an  electrically  excited  condition  all  over  its  surface,  of  a  kind . 
opposite  to  that  of  exciting  body.  It  behaves,  indeed,  in  all  particulars  as 
it  would  have  done  if  an  actual  charge  of  that  opposite  kind  of  electrical 
force  had  been  communicated  to  it  by  contact  with  a  similarly  excited  body. 

When  the  glass  cylinder  or  di^c  of  an  electrical  machine  is  positively 
excited  by  friction  against  the  rubber,  the  metal  points,  which  are  in  me- 
tallic communication  with  the  insulated  prime  conductor,  and  therefore  the 
conductor  itself,  become  inductively  electrical.  The  negative  electricity  of 
the  inductively  disturbed  conductor  flows  off  from  the  points  to  the  glass 
to  saturate  its  positive  disturbance,  and  the  prime  conductor  is  consequent- 
ly left  overcharged  with  its  own  abandoned  positive  force.  That  is  the 
explanation  of  the  way  in  which  streams  of  positive  electricity  are  generat- 
ed in  the  prime  conductor  of  a  machine  by  continuously  robbing  ita  glass 
cylinder,  or  plate,  against  a  mercurialised  cnshion. 
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It  will  be  Dndentood  that  the  kind  of  electrical  force  which  is  manifest-* 
«d  when  a  glass  rod  or  snrface  is  called  positire  or  vitreons  electricity^, 
imd  that  the  opposite  kind  which  is  produced  when  sealing-wax  or  other 
resinous  substance  is  rubbed,  is  called  negatiTe,  or  resinous  electricity; 
These  names  were  first  used  by  the  early  discoverers  in  electrical  science, 
and  no  more  convenient  or  expressive  designations  for  the  conditions 
which  they  represent  have  since  been  found. 

It  has  been  shown  from  the  long-continued  and  most  carefully  conduct- 
ed observations  of  De  Saussure,  Ronalds,  Quetelet,  and  Lamont,  that  in 
dull  fine  weather,  the  surface  of  the  earth  is  always  in  a  n^ative  state  of 
electrical  excitement,  and  that  the  surrounding  air  is  commonly  in  a  posi- 
tive state.  M.  Peltier  attributes  this  positive  tension  of  the  air  to  the 
state  of  the  inter-planetary  space.  He  considers  that  the  vacant  spaces  of 
the  universe  are  in  a  constantly  positive  state,  and  that  the  surface  of  the 
planetary  spheres  is  kept  in  the  opposite  state  of  negative  excitement  by 
the  influence  of  induction.  In  the  absence  of  any  more  definite  evidence 
on  this  point,  it  is,  however,  perhaps  more  philosophical  and  satisfactory 
to  consider,  as  many  other  authorities  do,  that  the  positive  state  manifest- 
ed by  the  air  is  effectively  seated  in  the  particles  of  moisture  contained 
in  the  atmosphere,  and  that  it  has  been  carried  up  with  them  from  the 
earth  when  they  rose  through  evaporation.  M.  Becquerel  has  shown  that 
the  surface  of  the  sea,  and  the  ait  lying  immediately  over  it,  is  as  constant- 
ly in  a  state  of  positive  electrical  excitement  as  the  land  is  in  a  state  of 
negative  excitement.  The  fine  weather  positively  electrical  state  of  the 
air  only  appears  over  the  land  at  some  considerable  elevation.  This  also, 
it  must  be  added,  is  influenced  in  some  material  way  by  the  varying  posi- 
tions of  the  sun.  It  is  strongest  in  the  season  of  short  days,  and  weakest 
in  the  season  of  long  ones ;  and  there  are  also  in  every  day  two  periods  of 
comparatively  strong,  and  two  of  comparatively  weak,  electrical  excite- 
ment, which  recur  approximately  at  the  same  hours  of  the  day  and  night. 
The  positive  electrical  state  of  the  higher  regions  of  the  atmosphere  is 
also  considerably  diminished  by  deposits  of  moisture  in  the  air,  and  with 
very  copious  and  rapid  deposits  sometimes  disappears  altogether,  and  be- 
comes even  replaced  by  the  opposite  negative  state. 

It  may,  perhaps,  be  well  here  to  remark  incidentally  that  the  distinguish* 
ed  electrician  Augusts  de  la  Rive  inclined  to  attribute  the  electrical 
states,  which  ascend  to  the  clouds  npon  the  aerial  vapours,  to  chemical 
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changes,  brought  abont  by  the  reactions  of  the  inner  surface  of  the  eaith*s 
solid  shell  and  the  sabjaoent  molten  rock  with  probal^le  infiltratioiiB  of  the 
waters  of  the  sea  into  the  subterranean  alembic.     Chemical  chmng^es  of 
the  surface-material  of  the  earth,  and  the  composition  and  decomposition 
of  complex  surfaces,  no  doubt  have  to  do  with  electrical  manifestatioiia  and 
disturbances.    But  it  must  also  be  added  that  human  science  has  not  jei 
penetrated  Tery  far  into  this  region  of  research.    It  is,  perhapsy  tho  ooe 
field  that  is  most  immediately  open  to  further  in?estigation. 

We  are,  nevertheless,  after  this  brief  glance  that  has  been  giTen  to 
preliminary  considerations,  now  fairly  in  a  position  to  understand  thai 
there  are  present  in  the  cloud-sustaining  air  all  the  condiUons  which  are 
essential  to  convert  it  into  a  mighty  machine  for  the  production  and  ac- 
cumulation of  electric  force.    The  broad  masses  of  insulated  cloud  are 
conductors  ready  to  receive  large  charges  of  the  developed  energy;  theet 
are  the  prime  conductors  and  the  Leyden  jars  of  the  apparatus.     The  sur- 
rounding spaces  of  clearer  and  drier  air  are  the  insulators  that  imprison 
the  accumulating  charge.     And  the  yapours  that  ascend  from  the  earth 
and  drift  in  with  the  winds  from  side  regions,  are  the  carriers  and  feeders 
of  the  charge ;  they  play  the  part  of  the  revolving  cylinder  or  plate.     All 
that  is  necessary  for  the  production  of  a  thunder-storm  under  these  ar- 
rangements is  the  rapid  agglomeration  in  one  spot  of  very  dense  clouds— 
a  result  which  can  more  easily  be  brought  about  in  summer  than  in  winten 
because  then  the  air  is  more  abundantly  charged  with  water,  and  because 
then  a  very  slight  degree  of  chill  suffices  to  throw  down  copious  deposits 
of  the  aqueous  load.     When  a  strong  current  of  Tery  abundant  vapour 
ascends  from  a  tract  of  moist  and  heated  land  into  the  higher  regions  of 
still  calm  air,  where  there  is  no  moring  wind  to  scatter  the  condensing  va- 
pours as  they  form,  a  powerful  electrised  mass  of  dense  thunder-cloud  is 
as  sure  to  be  formed  as  the  prime  conductor  of  an  electrical  machine  is 
sure  to  become  charged  with  sparks  when  its  cylinder  or  plate  is  rubbed 
against  the  cushion.    It  will  be  here  understood,  however,  that  the  real 
function  of  the  cloud  is  simply  the  bringing  into  continuous  electrical 
communication  a  wide  stretch  of  electrically-charged  air.    It  is  the  air- 
substance  which  receives  the  electrical  force,  and  the  condensed  and  closely- 
packed  mobture  of  the  cloud  merely  enables  large  tracts  of  it  to  come 
simultaneously  into  play  as  a  continuous  and  connected  chaige.   Sir  William 
Thomson  especially  insists  upon  the  fact  that  clouds  are  not  indispensable 
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to  aerial  oharges  and  disraptire  discharges  of  electricity.  They  property 
act  to  the  aerial  charge  exactly  as  the  metallic  coating  of  the  Leyden  jar 
sKsta  to  the  charged  glass.  They  facilitate  the  concentration  of  the  foil 
force  of  the  entire  connected  charge  npon^one  spot. 

When  a  charged  thnnder-dond  is  thus  generated  in  the  upper  regions 
of  the  air,  and  hemmed  round  by  its  circumscribing  insulation,  all  the  com- 
plicated phenomena  of  induction  immediately  appear.  Other  neighbour- 
ing masses  of  insulated  and  conducting  cloud  have  their  quiescent  state 
aympathettcally  or  inductiyoly  disturbed,  and  the  primary  mass  of  the 
atorm-clond  being  positiyely  charged,  their  nearer  parts  manifest  negattre 
energy,  and  their  further  parts  the  positire  state.  If  an  intenrening  layer 
of  other  cloud  floats  between  the  storm-cloud  and  the  earth,  its  bottom 
becomes  positive  towards  the  negative  earth,  and  its  top  negatiye  towards 
the  storm-cloud.  The  inductive  influence  of  a  highly-charged  thunder- 
cloud is  extended  in  this  way  to  almost  incredible  distances,  amounting 
even  to  several  leagues.  Very  commonly  the  inductive  power  of  clouds 
quite  on  the  far  horizon  is  indicated  by  delicate  instruments,  like  the  at- 
mospheric electrometer  of  Peltrier,  or  Gouijon,  in  which  two  or  three 
thousands  turns  of  a  wire  brought  from  a  metal  globe,  or  a  tuft  of  fine 
platinum  wires,  raised  high  in  the  air  and  continued  to  the  ground  are 
wound  on  the  way  round  a  sensitive  and  delicately-poised  magnetic  needle. 
The  air-space  surrounding  a  positively  charged  storm-cloud  is  always  in 
a  state  of  negative  excitement  from  the  influence  of  induction.  When  a 
storm-cloud  drifts  over  a  fixed  station,  a  delicate  electrometer  first  indi- 
cates the  presence  of  negative  electricity  as  this  approaches,  it  then  shows 
positive  electricity  while  actually  engaged  with  the  cloud,  and  then  again 
manifests  negative  excitement  as  the  cloud  passes  away.  When  a  storm- 
cloud  hangs  low  over  the  earth,  the  negative  reaction  of  that  part  of  the 
ground  is  very  largely  intensified  by  induction,  and  the  positive  charge  of 
the  lowest  portion  of  the  cloud  is  in  its  turn  also  strengthened  by  the 
same  agency.  Storm-clouds  are  for  the  most  part  positive  in  their  actual 
communicated  and  accumulated  charge.  But  it  sometimes  happens  that 
negative  vapours  are  poured  out  suddenly  from  the  moist  heated  ground 
for  some  unascertained  reason,  and  then  negatively  active  storm-clouds 
appear.  It  has  been  found  that  hail- storms  are  generally  connected  with 
these  abnormal  negative  cloud -charges. 

When  a  charged  thunder-cloud  hangs  low  over  the  earth,  all  project- 
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ing  bodies  rising  from  the  ground  are  most  powerfally  inflaenced  bj  the 
indnctiye  action,  and  conducting  bodies,  sach  as  rods,  tubes,  and  sheets  of 
metal,  more  powerfully  than  bodies  that  hare  less  conducting  capacity. 
All  such  prominent  bodies  became  highly  charged  with  electrical  force 
of  an  opposite  character  to  that  which  is  concentrated  in  the  cloud,  and 
which  strains  to  escape  to  the  cloud,  at  the  same  time  that  the  electricity 
of  the  cloud  in  its  turn  tends  to  escape  to  them.  If  no  passage  of  the 
electrical  force  takes  place  between  the  prominent  objects  and  the  cloud,  it 
is  simply  because  for  the  time  being  the  intervening  layer  of  insulating  air 
affords  a  sufficient  resistance  to  prevent  such  occurrence.  The  cloud  is  then 
drawn  nearer  to  the  earth  by  the  influence  of  the  mutually  tending  forces, 
and,  perhaps,  is  at  the  same  time  driven  into  closer  propinquity  by  the 
wind,  until  at  length  the  narrowed  resistance  of  the  air  is  overcome  by 
the  simultaneously  heightened  tension  of  the  accumulated  electricities. 
The  lightning  stroke  then  flashes  between,  and  the  tension  is  lessened. 
In  this  lightning  stroke  some  positive  electricity  passes  from  the  cloud  to 
the  earth,  and  some  negative  electricity  from  the  earth  to  the  cloud.  The 
positive  escape  releases  the  negative  induction  of  the  objects  placed  on  the 
ground,  and  the  negative  escape  saturates  and  satisfies  the  positive  charge 
of  the  cloud.  In  some  circumstances  the  lightning  stroke  may  take  place 
through  very  large  distances — according  to  Delisle  and  Petit,  as  large  as 
even  nine  and  ten  miles — especially  if  a  kind  of  interrupted  trail  of  parti- 
ally conducting  material  is  laid  along  its  course.  But  for  ordinary  cir- 
cumstances, the  striking  distance  varies  between  650  and  6,500  feet. 

When  the  lightning  stroke  finally  takes  place,  it  of  necessity  occurs 
through  the  line  of  smallest  resistance  that  is  open  to  it.  It  invariably 
falls  upon  the  most  pii)minent  conducting  substances  that  are  offered,  and 
this  constitutes  the  provision  upon  which  all  proceedings  for  protection 
against  lightning  are  primarily  based ;  and  it  should  here  be  understood 
that  there  is  no  doubt  or  uncertainty  of  any  kind  involved  in  this  part  of 
the  consideration.  An  electrician  will  present  a  metal  rod  attd  a  glass  rod 
to  the  charged  conductor  of  an  electrical  nutohine  in  the  positive  certainty 
that  the  spark  will  dart  out  upon  the  metal,  and  not  upon  the  glass ;  and 
he  will  perform  the  experiment  a  thousand  times  without  any  variation  in 
the  result.  That  the  lightning  will  strike  upon  a  good  conducting  surface 
in  preference  to  a  bad  one,  provided  the  entire  course  of  the  discharge 
through  the  good  conductor  is  an  open  and  an  easy  one,  is  as  certain  a& 
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that  a  ball  of  meUl  will  be  strnck  by  the  spark  of  the  electrical  machine 
in  preference  to  a  Intnp  of  resin  or  glass. 

Bat  there  is  a  second  consideration  of  scarcely  less  consequence  in  the 
arrangements  for  defence  against  injury  from  lightning,  namely,  the  well- 
proved  fact  that  even  the  most  powerful  electrical  discharge  passes  through, 
substances  affording  an  easy  way,  and  offering  small  resistance  without 
disturbing  the  molecular  condition  of  those  substances  in  the  slightest 
degree.  It  is  only  when  it  has  to  force  its  way  through  badly  conducting 
bodies,  which  afford  considerable  resistance  to  the  passage,  that  it  effects 
destructire  mischief,  which  it  then  brings  about  by  severing  their  compo- 
nent  molecules,  so  as  to  split  up  and  disintegrate  the  mass.  When  good 
conductors  are  of  very  small  dimensions,  they,  in  their  turn,  also  afford  con- 
siderable resistance  to  the  transmission  of  the  electric  force.  But  in  t|ieir 
case  the  resistance  tells,  not  in  shattering  the  resisting  mass,  but  in  heat- 
ing it.  A  very  fine  wire  is  rendered  red  hot  by  the  passage  of  a  powerful 
electrical  discharge,  and  it  may,  if  the  discharge  is  energetic  enough,  be 
melted,  and  so  disintegrated  by  the  passage.  But  it  is  never  explosively 
shattered,  as  bad  conductors  are,  under  any  circumstances. 

The  lightning  which  is  seen  in  a  dark  sky  flashing  between  a  storm- 
cloud  jand  the  earth,  or  between  two  storm-clouds,  is  a  trail  of  intense 
sharply-defined  light,  often  appearing  to  move  along  a  zig-zag  course, 
and  occasionally  dividing  into  two,  or  possibly  into  three,  branches.  The 
duration  of  the  light  does  not  exceed  the  thousandth  part  of  a  second. 
This  has  been  very  ingeniously  demonstrated  by  Professor  Wheatstone, 
by  causing  a  wheel  with  a  number  of  spokes  to  rotate  so  rapidly  that  the 
spokes  disappear,  unless  when  the  wheel  is  lit  up  by  a  flash  of  lightning, 
when  the  spokes  of  the  rotating  wheel  are  seen  distinctly,  and  the  wheel 
itself  looks  as  if  standing  still,  because  the  illumination  is  for  so  brief  a 
Ume,  that  it  has  ceased  before  the  advancing  spokes  have  materially 
changed  their  position.  Professor  Tyndall  shows  this  result  very  prettily 
in  his  lectures  at  the  Boyal  Institution,  by  lighting  up  the  rotating  disc 
by  the  successive  discharges  of  a  small  Leyden  jar,  so  plaeed  that  the 
spark  occupies  the  focal  point  of  a  concave  mirror  looking  towards  the 
disc.  The  disc  is  rotated  rapidly  by  a  multiplying  wheel,  and  the  electrical 
machine  is  worked  continuously,  so  that  the  Leyden  jar  keeps  on  discharg- 
ing itself  by  overflow  at  repeated  intervals.  With  each  discharge  the 
radiant  spokes  of  the  disc  present  themselves  to  the  eye  as  if  they  con- 


340  PROTRCTION   OF   BDILDINGS   FROM   LIQHTNINO. 

fltitaied  for  that  instant  a  stationary  object.    The  exact  rate  of  the  rota- 
tion of  a  wheel  being  known,  it  is  easy  to  calculate  the  daration  of  a  light 
which  lasts  only  long  enough  not  to  allow  the  onward  moToment  of  a  spoke 
to  be  discovered.    The  lightning  flash  is  most  probably  often  formed 
of  numerous  successive  discharges  following  each  other  in   the  most 
rapid  succession,  and  when  this  is  the  case,  the  duration  of  the  light  may 
be  somewhat  prolonged.    The  author  of  this  communication  has  dis- 
tinctly seen  the  lightning  in  the  subtropical  districts  of  Southern  African 
quivering  for  quite  notable  instants  from  this  cause,  and  seemingly  widen* 
ed  into  straps  or  bands,  having  an  appreciable  breadth.    The  broad  sheets 
of  lightning- illumination,  which  are  commonly  observed  during  the  preva- 
lence of  a  storm,  are,  however,  quite  distinct  from  these  lines  of  Inminoos 
discharge.    They  appear  to  be  due  to  the  leaping  of  electric  discharges  of 
much  lower  intensity,  from  cloudlet  to  dondlet,  as  the  re-distribntion  and 
re-adjustment  of  the  electric  force  takes  place  within  the  constituent  masses 
of  the  cloud,  exactly  as  happens  in  the  '<  spangled  pane  "  of  the  electrician, 
when  the  electric  discharge  is  made  through  the  diamond-shaped  masses 
of  tinfoil  distributed  upon  glass.    The  sheet  lightning  of  the  horiaon  is 
merely  the  reflection  of  the  light  propagated  from  discharges  that  are  tak- 
ing place  beyond  the  visible  part  of  the  earth's  curvature. 

There  is  yet  another  form  of  lightning  which  is  of  exceeding  interest  to 
the  electrician,  and  which  is  dharacterised  by  prolonged  enduranoe  and 
slow  movement.    This  form  has  the  aspect  of  a  ball  of  fire,  often  as  large 
as  a  child's  head,  which  travels  slowly  and  perceptibly  along  the  ground 
and  finally  explodes  like  a  bomb-shell,  with  a  loud  detonation,  scattering 
zig-zag  rays  in  all  directions.     These  ball  lightnings  have  been  watched 
in  their  slow  march  through  the  air,  even  as  long  as  eight  and  ten  seconds, 
and  they  constitute  the  kind  of  lightning  that  has  been  most  commonly 
noticed  in  the  interior  of  houses.    They  are  essentially  the  lightnings  that 
*^  disappear  up  the  chimney !"    Their  true  character  is,  perhaps,  yet  but 
imperfectly  understood.    They  certainly  differ  in  essential  partionlars  fmm 
the  ordinary  lightning  stroke.    They  are  not  electrical  disdiaiges  pure 
and  simple.    Augusts  de  la  Bive  inclined  to  consider  them  of  the  nature 
of  compact  balloons  of  explosive  gas  generated  by  electrical  agency,  and 
shining  by  inherent  Inminosty  before  being  finally  exploded.    Mr.  Varhy 
suggested  the  very  ingenious  probability  that  the  ball  is  really  a  lumin- 
ous brush  discharged  from  a  negatively  charged  dond,  leading  gradually 
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ap  to  the  final  boret,  and  moTing  slowlj  forward  with  the  charged  maaSy 
of  which  it  is  the  escaping  terminal. 

The  InminonB  line  marking  the  course  of  a  lightning  discharge  is  really 
a  "  crack  "  prodaced  in  the  resisting  snbstanoe  of  the  air  when  the  pent-np 
and  aocamnlated  force  finally  breaks  a  way  through  the  resistance.  Sir 
William  Thomson  speaks  of  it  as  being  as  much  a  crack  as  the  fissnre 
made  by  the  escape  of  an  orer-intense  charge  throngh  a  weak  point  in  the 
glass,  the  only  difference  in  the  two  cases  being  that  the  crack  remains  in 
the  glass,  but  is  immediately  effaced  in  the  substance  of  the  air.  '*  The 
path  is  prepared  beforehand  by  indnction."  Mr.  W.  H.  Preeee  has  Tery 
graphically  and  admirably  expressed  the  actual  state  of  the  ease  In  an 
excellent  paper  read  in  1872,  to  the  Society  of  Telegraph  Engineers,  in 
which  he  says :  "  The  particles  of  air  or  other  matter  in  the  path  are 
raised  to  such  a  high  state  of  polarisation,  that  they  are  in  a  state  of 
*  tottering  equilibrium,'  and  the  slightest  acquisition  of  force  or  diminution 
of  resistance,  either  by  the  approach  of  the  conductor  or  increase  of 
quantity,  destroys  this  condition,  and  we  have  a  discharge  with  all  the 
effects  of  light,  heat,  and  mechanical  energy.  A  ship  sailing  calmly  orer 
the  ocean,  a  moving  railway-train,  a  horseman  galloping  home  for  shelter 
from  the  approachmg  storm,  may  prove  the  last  straw  to  break  this 
camePs  back." 

The  light  which  is  seen  along  th))  course  of  a  discharge  of  lightning  is 
unquestionably  incandescent  matter  distributed  along  the  track.  This  is 
now  definitely  proved  by  the  employment  of  the  spectroscope.  M.  Fusi> 
nieri,  who  gave  much  attention  to  this  bearing  of  the  sulject,  had,  how* 
ever,  arrived  at  this  conclusion  long  before  the  spectroscope  was  known. 
He  satisfied  himself  that  lightning  always  contains  material  substances 
and  supereminently  iron  sulphur,  and  carbon  in  a  state  of  great  division 
and  also  of  ignition  and  combustion.  M.  Fusinieri  conceived  that  the 
lightning  derived  this  substantial  pabulum  of  its  fires  from  the  molecules 
of  these  substances  that  are  always  floating  about  as  impalpable  impreg- 
nations in  the  air.  But  it  is  most  probable  that  particles  are  taken  up 
by  the  electric  dischaige  from  the  conducting  bodies  that  form  part  of  its 
course,  and  carried  along  with  it.  Numerous  very  curious  instances  of 
this  absorbing  and  transporting  action  are  on  record.  The  remarkable 
case  spoken  of  by  M.  de  la  Rive,  in  which  a  gold  bracelet  was  taken  up 
from  the  arm  of  a  lady  closing  a  window  during  a  flash  of  lightning. 
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without  doing  her  any  malerial  harm,  is  well  known.  There  an  instan- 
cee  in  which  particleB  of  gold  seemed  to  hne  been  transported  Ihrongh  the 
actual  sabstance  of  thick  plates  of  silver.  The  remoring  of  the  gilding 
from  the  frames  of  pictures  bj  lightning  is  of  frequent  occurrence.  The 
aatfaor  of  this  paper  remembers  one  case  in  which  the  particles  of  gold  had 
been  stripped  awa;  from  the  picture  frames  in  a  room  that  was  damaged 
by  lightning,  and  attached  to  the  walls  in  spangles  at  different  places. 
One  very  curioas  instance  of  the  inflaence  of  the  electrical  discharge  npoa 
metallic  masses  was  brought  under  the  author's  notice  by  his  friend  Mr. 
Shepetone,  the  Secretary  for  Native  A&iurs  in  the  Colony  of  Natal.  A 
settler's  homestead,  known  as  the  "  German  House,"  on  tiie  road  leadins 
from  the  seaport  to  the  capital,  was  straok  by  lightning,  and  burnt  down. 
In  the  situation  of  a  box  which  bad  contuned  money,  there  were  found  af- 
terwards lamps  of  metals  formed  by  the  fosion  of  gold  and  silver  coioB. 
But  near  to  these  were  a  sixpence  and  a  half-sovereign  lying  face  to  face, 
which  bad  been  both  drilled  with  a  large  bole,  and  at  the  same  time  firmly 
soldered  together  round  the  circumference  of  the  hole.  The  stamp  mark 
in  the  Kixpence  was  entirely  effaced.  It  is  only,  however,  when  metallic 
substance  is  in  comparatively  emaU  mass,  or  when  it  forms  the  termioatioD 
of  a  conducting  track,  upon  which  a  concentrated  charge  is  received,  that 
this  disintegration  and  absorption  of  metallic  bodies  occnrs.  The  electric 
discharge  passes  through  a  sufficiently  large  metallic  mass  without  produc- 
ing any  molecular  disturbance,  or  manifesting  any  mechanical  effect  at  all. 
We  are  now  in  a  position  to  return  advantageously  to  the  consideration 
that  when  a  lightning  discharge  falls  from  a  charged  cloud  to  the  earth, 
it  of  necessity  takes  the  line  of  least  resistance  that  is  open  to  it,  wh*t- 
ever  that  may  be,  and  if  that  line  lies  alon^  sufficiently  large  and  absolute- 
ly continuous  metallic  substance,  the  effective  resistance  to  its  passage  a 
80  small,  that  no  mechanical  violence  or  beating  effect  of  any  consequence 
ensues.  This,  therefore,  at  once  indicates  what  the  first  expedient  in  pro- 
viding artifical  protection  from  mechanical  injury  mnst  be.  A  continuom, 
rod  of  good  conducting  metal  must  be  carried  from  the  top  of  the  building 
to  the  ground.  Then  when  the  stroke  of  lightning  chances  to  fall  npoo 
"  e  building,  it  goes  by  the  easy  way,  and  flows  harmlessly  and  sjlently 
rough  the  metallic  rod  to  the  earth,  and  the  less  perfect  conducting  ma- 
rials  of  llie  house,  snch  as  bricks,  mortar,  cement,  and  wood,  are  net 
uched.     In  order,  however,  that  this  desirable  result  niay  be  bronghl 
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about,  it  is  essential  that  the  metallic  rod  shall  be  large  enongh  to  carry 
qnietly  and  harmlessly  the  largest  discharge  that  may  have,  under  any 
circumstance,  to  pass  through  it.  As  a  rain-water  pipe  must  be  made 
large  enough  to  carry  safely  away  the  largest  rainfall  that  can  occur  if 
flooding  is  to  be  avoided,  so  the  lightning  conductor  must  be  made  large 
enough  to  carry  the  heayiest  lightning  that  can  strike.  And  it  is  even 
more  important  that  this  should  be  secured  in  the  case  of  lightning  than 
in  the  case  of  rain,  because  an  overflow  of  fire  is  a  more  serious  matter 
than  an  overflow  of  water.  Borne  electricians  consider  that  an  insuffi- 
cient lightning  conductor  is  better  than  none  at  all,  because  there  have 
been  instances  again  and  again  where  buildings  have  been  saved  from 
mischief  on  the  discharge  of  lightning,  although  the  lightning  conductor 
that  has  effected  their  protection  has  been  burnt  up  and  destroyed.  As 
in  such  cases,  however,  a  new  lightning  rod  has  to  be  immediately  sup- 
plied, it  would  have  been  obviously  better  that  the  conductor  of  double 
capacity  should  have  been  erected  in  the  first  instance.  The  author  of 
this  paper  must  also  add  that  he  has  some  reason  to  look  upon  the  con- 
clusion itself  with  doubt.  There  is  always  danger  from  fire  if  a  light- 
ning conductor  of  insufficient  dimensions  happens  to  be  carried  along 
near  combustible  materials.  The  lightning  stroke  is  certainly  more  likely 
to  fall  where  a  lightning  conductor,  of  whatever  kind,  is  placed,  than  it 
would  be  if  there  were  no  such  appliance.  The  lightning  conductor  in 
such  circumstances,  may  be  ''  the  slight  acquisition  of  power  which  des- 
troys the  tottering  equilibrium ;  the  last  straw  which  breaks  the  camel's 
back, "  alluded  to  by  Mr.  Preece.  There  certainly  is  as  much  danger  in 
the  interpolation  of  a  lightning  rod  in  such  tottering  equilibrium  as  there 
would  be  in  *'  a  horseman  galloping  along  over  the  ground."  What  the 
damage  is  that  a  conductor  of  insufficient  size  may  effect  is  well  illustrated 
in  the  practice  of  firing  charges  of  gunpowder  in  mines  by  the  plat- 
inum fuse.  A  fine  wire  of  platinum  is  made  part  of  a  current  of  electri- 
cal communication  in  the  midst  of  a  charge  of  gunpowder.  When  a 
current  of  electricity  is  passed  through  the  wire  it  becomes  red  hot,  on 
account  of  not  having  sufficient  size  to  convey  the  electricity  without 
derangement  of  its  molecules,  and  the  red  hot  wire  fires  the  gunpowder. 
If  the  platinum  wire  had  had  the  thickness  of  a  pencil,  instead  of  a  hair, 
the  same  charge  of  electricity  would  have  passed  without  the  explosion 
of  the  gunpowder.     Another  very  telling  illustration  is  supplied  by  the 
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not  uncommon  occurrence,  where  a  small  soft  metal  gas-pipe  is  attacked 
by  a  powerful  discharge  of  lightning,  and  the  gas- pipe  is  fused,  and  the 
gas  set  light  to.     What  the  dimensions  in  a  lightning  conductor  are  that 
would  fulfil  this  essential  condition  of  giving  sufficient  capacity  for  the 
safe  transmission  of  the  largest  possible  discharge,  is  yet  an  unsettled 
question.     In  his  excellent  monograph  already  alluded  to,  Mr.  Preece 
argues  that  a  No.  4  telegraph  wire  of  galvanised  iron,  which  is  a  quarter 
of  an  inch  in  diameter,  is  sufficient  for  the  protection  of  most  dwelling- 
houses,  because  No.  8  wires,  of  only  half  this  capacity,  are  found  practi- 
cally to  protect  telegraph  posts  from  damage  by  lightning.     It  is,  how- 
ever, most  probable  that  in  the  case  of  telegraph  wires,  a  lightning  dis- 
charge is  distributed  among  several  of  these  protectors,  as  several  are 
brought  into  the  system  by  the  conducting  telegraph  wires  above.     Mr. 
Preece  alludes  to  two  No.  8  wires  having  been  fused  and  destroyed  by 
lightning  in  one  season.     M.  Arago  gives  the  case  of  a  chain  12H  feet 
long,  formed  of  successive  rods  of  iron  one-quarter  of  an  inch  in  diameter, 
which  was  fused  throngh  its  whole  length  by  a  lightning  discharge.     On 
the  other  hand,  rods  of  iron  three-quarters  of  an  inch  in  diameter  have 
been  known  to  convey  very  powerful  lightning  strokes  to  the  ground  harm- 
lessly and  safely.     In  the  instructions  of  the  "  Academie  des  Sciences," 
drawn  up  by  Gay-Lussac  and  Pouillet,  1823  and  1824,  a  square  iron  bar 
three-quarters  of  an  inch  in  diameter  was  adopted  as  ensuring  ample 
capacity  f6r  all  practical  purposes.     An  iron  pipe  having  the  same  sec- 
tional mass  of  metal,  is  better  than  a  solid  rod,  because  the  electrical  force 
is  transmitted  by  the  surface  of  the  conductor,  and  a  pipe  obviously  has 
more  surface  than  a  solid  rod  of  the  same  relative  mass.     Galvanised  iron 
is  better  than  uncoated  iron  in  the  first  place,  because  its  surface  is  pro- 
tected against  rusting ;  and  in  the  second  place  because  the  zinc  conducts 
with  three  times  greater  facility  than  iron.     A  rope  of  galvanised  iron 
consisting  of  42  strands  of  sixteenth  of  an  inch  wire,  is  a  very  convenient 
form  of  conductor,  on  account  of  its  ready  flexibility,  for  purposes  of 
conveyance  and  adaptation  to  angles  and  irregularities  of  a  building,  and 
on  account  of  the  long  stretch  that  can  be  made  in  continuous  .lengths. 
If  a  conductor  is  made  of  several  pieces,  it  is  indispensable  that  those 
pieces  should  be  joined  together  by  absolutely  perfect  metallic  union,  or 
there  will  be  greatly  increased  resistance  to  the  passage  of  the  electric 
force  in  consequence  of  the  gaps.     In  strands  of  galvanised  iron  the 
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galranic  surface  aflfords  a  very  easy  path  for  the  electricity,  and  the  iron 
core  is  a  stubborn  metal  in  reference  to  heat,  and  not  readily  destroyed. 
A  42-8trand  wire  rope  of  the  character  that  has  been  described,  affords  as 
much  snrface,  and  is  in  all  respects  as  good  a  conductor  as  a  strip  of 
stent  galvanised  iron  fonr  inches  broad.     Copper  is  a  fire  times  better 
condnctor  than  naked  iron.     A  rope  of  copper  wire  one-sixteenth  of  an 
inch  thick  and  with  28  strands,  would  be  as  efficient  as  a  galvanised  iron 
wire  rope  of  42  strands.     Dimensions  of  this  value  are  recommended, 
because  they  are  unquestionably  equal  to  any  demand  that  can  be  made 
upon  tht^m,  and  because  there  is  yet  some  measure  of  uncertainty  in  re- 
gard to  the  possible  intensity  of  the  electrical  discharge  in  exceptional 
cases.     It  may  perhaps  be  necessary  to  point  out,  in  regard  to  this  parti- 
cular bearing  of  the  subject,  that  the  sole  reason  why  telegraph  engineers 
incline  towards  conductors  of  smaller  capacity,  is  that  reduction  in  cost 
virtually  increases  the  number  of  lightning  conductors  that  are  used.    This 
is  a  very  important  practical  consideration.     But  in  the  face  of  it,  and 
after  patient  and  long-continued  weighing  of  the  whole  subject,  the  author 
of  this  communication,  in  his  experience  as  a  lightning  engineer  in  South 
Africa,  notoriously  a  favorite  haunt  of  the  thunder  storm,  adopted  the 
4 2 -strand  rope  of  sixteenth  of  an  inch  galvanised  iron  wire,  and  never 
found  any  reason  yet  to  regret  his  practice  on  this  point.    The  provision 
is  ample  for  buildings  of  considerable  elevation.    The  mistake  of  employ- 
ing too  small  a  conductor  is  a  very  comnion  one.     Within  the  last  few 
weeks,  the  author  of  this  paper  himself,  in  company  with  his  excellent 
friend,  the  Secretary  of  the  Society  of  Arts,  came  upon  a  lightning  con- 
ductor attached  to  a  very  handsome  recently  restored  church  in  the  vici- 
nity of  Lon'don,  in  which  a  single  very  small  galvanised  iron  wire  was 
used,  where  a  lofty  spire  was  part  of  the  structure,  and  where  apparently 
the  thin  wire  passed  down  the  face  of  this  spire  along  a  casing  of  wood 
shingles.     The  author  submits  that  if  this  is  not  one  of  the  **  last  straws 
that  might  break  the  cameFs  back  in  the  circumstance  of  a  tottering 
equilibrium,"  it  ought  to  be.     The  advantage  of  copper,  in  contrast  with 
iron,  for  employment  as  a  lightning  conductor,  is  simply  that  it  heats 
less  easily  under  an  electric  discharge,  is  very  stubborn  to  melt,  and  that 
it  is  the  best  of  all  conducting  substances.     Its  disadvantages  are  that  it 
is  much  more  costly  than  the  galvanised  iron  conductor  which  furnishes 
an  equal  facility  of  passage,  and  that,  as  a  metal,  it  undergoes  a  molecu- 


346  PKOTRGTION    OF    BUILDINGS    FROM    LIGHTNING. 

lar  change,  from  the  frequent  passage  of  strong  carrents  of  elecinc&l 
force,  which  materially  affects  its  conducting  power.     It  mast  also  ht 
remarked  ihat  copper  is  a  very  much  better  conductor  than  brass.     Cop- 
per costs  about  one-third  more  than  brass,  but  it  transmits  electrical 
currents  eight  times  as  well.    Messrs.  Sanderson  and  Proctor,  of  Haders- 
iield,  and  of  IS,  Queen  Victoria  Street,  haye  recently  contrived  a  copper 
tape,  or  strap,  for  lightning  conductors,  which  costs  about  one  shiJIing 
the  foot,  and  which  is  sq  flexible,  that  it  possesses  in  a  very  considerable 
degree  the  advantageous  properties  of  rope.     It  can  be  bent   round  the 
inequalities  of  a  building  with  the  utmost  facility,  can  be  manufactured 
in  continuous  lengths  to  any  extent,  and  can  evefi  be  coiled  for  convenience 
of  transport.     This  copper  tape  is  three-quarters  of  an  inch  wide,  and  an 
eighth  of  an  inch  thick,  and  therefore  contains  a  sectional  area  of  a  litiie 
more  than  a  tenth  of  a  square  inch  of  solid  metal.     This  will  most  pro- 
bably be  found  to  be  ample  for  all  ordinary  purposes,  and  it  can,  of  course, 
be  readily  doubled  in  any  case  where  lofty  buildings  have  to  be  protected. 
The  French  electricians,  who  are  unquestionably  very  high  authorities 
in  Blatters  of  this  class,  commonly  employ  metallic  ropes,  in  preference  (o 
bars,  for  the  main  stretch  of  the  conductor,  because  they  possess  a  larger 
sectional  area  than  solid  rods  of  the  same  diameter,  are  more  easily 
placed,  and  adapt  themselves  to  irregularities  of  structure  without  the 
trouble  of  forging,  because  they  can  be  readily  made  of  any  continnoas 
lengths  that  can  be  required,  and  in  the  case  of  iron,  can  be  easily  gaha- 
niried,  and  because  they  are  so  supple  and  more  manageable.     They  con- 
sider that  an  iron  cable  should  have  a  diameter  rather  more  than  twice 
and  a  half  that  of  a  copper  cable  (27*3.  millimetres  against  1  centimetre) 
to  have  the  same  efficiency.     M.  Callaud,  an  eminent  French  electrical 
engineer,  who  has  very  recently  printed  an  excellent  book  on  the  '*  Para.- 
tonnerre,"  records  that  a  rope  of  copper,  four-tenths  of  an  inch  (one  ceo- 
timetre)  in  diameter,  employed  as  a  lightning  conductor  at  the  Church  of 
Sainte  Oroix  at  Nantes,  and  which  was  made  of  seven  strands,  having 
each  seven  threads  of  wire  of  a  gauge  of  0*039  of  an  inch  (one  millimetre) 
in  diameter,  had  certainly  transmitted  several  very  heavy  electrical  dis- 
charges, without  suffering  any  injury  in  its  own  substance,  and  that  a 
similar  rope  of  one-fifth  smaller  diameter   (8  millimetres)  previoualj 
employed,  had  been  injured  by  lightning  discharges.     Copper  ban  a  fiflb 
of  an  inch  (exactly  5  millimetres)  have  been  know  to  be  as  much  injared 
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by  a  single  storm,  as  by  ten  jcars  of  exposure  and  rast.  M.  Viollet  Leduci 
on  the  other  hand,  states  that  copper  ropes  seven-tenths  of  an  inch 
(18  millimetres)  in  thickness,  were  bamed  at  Carcassono.  From  a  con- 
sideration of  these  facts,  and  some  others  of  a  similar  character,  the 
French  electricians  of  the  present  day  employ  ropes  of  copper  of  from  four- 
tenths  to  eight-tenths  of  an  inch  (one  to  two  centimetres)  for  each  82  feet 
of  height.  Mons.  R.  Francisqne  Michel,  who  has  printed  an  interesting 
notice  of  the  faulty  state  of  the  lightning  defence  of  the  public  monuments 
of  Paris,  with  some  allusion  to  the  views  of  M.  Gallaud,  in  Le9  Mondta  of 
October  1874,  considers  that  a  rope  of  galvanised  iron  wire  should  have  a 
diameter  of  eight-tenths  of  an  inch,  to  afford  efficient  protection  under 
ordinary  circumstances.  M.  Gallaud  prefers  that  metallic  ropes  should  be 
constructed  upon  hempen  cores,  on  account  of  the  greater  pliability  which 
this  contrivance  gives.  It  has  been  already  observed  that  lightning 
conductors  require  to  be  of  larger  size  in  proportion  to  their  length.  The 
law  which  rules  this  proportion  is  simply  that  the  facility  of  electrical 
transmission  in  any  conductor  is  in  the  exact  ratio  of  the  coefficient  of 
the  condnctibility  of  the  metal  of  which  it  is  composed,  multiplied  by 
the  number  representing  the  section  of  the  rod,  and  then  divided  by 
the  number  representing  its  length.  The  durability  of  any  rod  is,  in 
general  terms,  in  proportion  to  the  square  of  its  diameter.  M.  Melsens, 
a  high  French  authority,  prefers  that  there  should  be  several  conductors 
of  small  size,  rather  than  one  large  one ;  and  it  is  at  any  rate  generally 
agreed  that  a  large  building  should  be  furnished  with  several  conductors, 
and  that  when  several  conductors  are  combined  into  one  stem,  that  stem 
must  be  of  a  size  sufficient  for  the  safe  transmission  of  all  the  electrical 
force  that  can  be  furnished  to  it  by  the  contributory  branches. 

If  it  so  happens  that  metallic  cables  have  to  be  joined,  the  individual 
wires  of  the  connected  ends  must  be  untwisted,  and  spliced  or  mingled 
together,  and  then  be  bound  tightly  round,  with  wire,  in  such  a  way  that 
the  whole  can  be  dipped  into  melted  solder,  or  solder  be  carefully  run  in 
over  a  fire.  Gables  may  be  satisfactorily  connected  with  rods  by  turning 
a  spliced  loop  upon  their  ends  in  this  way,  and  by  then  binding  this  loop 
in  upon  the  rod  by  means  of  strong  screw  nuts.  Mons.  Michel,  in  speaking 
of  the  need  of  renewing  the  efficiency  of  the  public  lightning  conductors  of 
Paris,  makes  the  excellent  practical  suggestion,  that  the  ends  of  rods 
requiring  to  be  spliced  in  continuous  electrical  communication,  should  have 
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plates  of  soft  lead  firmly  nipped  ia  by  screw  power  between  the  ends  thai 
are  to  make  contact,  the  entire  joint  being  afterwards  enclosed  in  a  soffi- 
cient  investment  of  solder. 

The  disintegrating  energy  of  an  electrical  discharge  is  mainly  expended 
upon  the  extremities  of  a  conductor.     It  effects  the  most  marked  molecnlar 
disturbance  on  the  part  where  it  first  falls,  where  most  probably  the  first 
meeting  of  the  two  antagonistic  forces  occurs,  and  where  the  terms  of  the 
new  alliance  have  to  be  arranged,  and  also  on  the  part  by  which  it  has  to 
issue  from  the  conductor  to  the  ground — the  great  natural  reservoir  of  the 
reserve  of  the  energy.     On  this  account,  lightning  conductors  require  to 
be  expanded  and  amplified  both  at  their  summits  and  at  their  roots  or  base. 
The  French  Academic  des  Sciences  directed  that  the  top  of  the  conductor 
should  be  a  bar  of  iron  two  and  a  quarter  inches  in  diameter,  whether  square 
or  round,  tapering  up  to  a  blunt  conical  copper  point,  shaped  to  an  angle 
of  30  degrees.    The  pointed  termination  of  the  conductor  is  a  matter  of 
some  practical  consequence,  because  it  establishes  a  slow  and  gentle  dis- 
charge of  an  accumulation  of  electrical  force  at  high  tension,  as  is  illus- 
trated in  the  ordinary  experiment,  where  the  charged  conductor  of  an 
electrical  machine  is  quietly  discharged  by  the  presentation  of  a  sharp 
needle  to  it.    De  la  Rive  held  that  a  metallic  ball  was  quite  as  efficient 
tor  an  upper  terminal  as  a  point.     But  when  a  great  number  of  lightning 
conductors  are  brought  near  together,  as  in  protecting  the  buildings  of  an 
extended  town,  there  is  no  doubt  that  if  they  are  pointed  at  the  top,  they 
serve  to  saturate  an  approaching  cloud,  and  to  deprive  it  of  its  sting 
before  it  comes  within  striking  distance.     After  the  city  of  Pietennaritz- 
burg  in  Natal  had  been  largely  supplied  with  pointed  lightning  conduc- 
tors, under  the  author's  fostering  influence,  the  actual  discharge  of  violent 
lightning  strokes  within  the  area  of  the  town  became  almost  unknown. 
During  several  years  the  only  cases  that  came  under  the  author's  notice 
were  the  top  of  two  chimney  stakes  somewhat  damaged,  and  a  few  lofty 
blue-gum  trees  shattered. 

On  account  of  the  facility  with  which  it  could  be  supplied  by  ordinary 
workmen,  the  author  adopted  a  terminal  for  the  upper  end  of  the  conduct- 
or in  the  colony  of  Natal,  which  proved  very  effective  and  satisfactory. 
In  this  arrangement  the  top  of  a  galvanised  iron  rope  was  enclosed  in  t 
tube  of  stout  sheet  zinc,  finished  at  the  summit,  for  the  sake  of  ornament^ 
by  a  gilded  ball  of  turned  wood,  above  which  the  strands  of  the  wire 
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were  opened  into  the  form  of  a  sort  of  brush.  Each  condnctor,  in  this 
way,  had  42  points  of  its  own,  and  the  augmentation  of  terminal  capacity 
was  secured  by  the  addition  of  the  external  zinc  tube.  The  tube  also 
supplied  a  ready  and  convenient  means  of  attaching  the  conductor  to 
chimney  stacks,  or  to  other  protruding  parts  of  the  building. 

The  especial  function  and  power  of  points  is  very  pleasingly  and 
completely  illustrated  by  a  series  of  three  experiments  deyised  by  M. 
Gavarret,  Professor  of  Natural  Philosophy  to  the  Faculty  of  Medicine 
at  Paris.  He  first  charges  the  prime  conductor  of  an  electrical  machine 
to  the  highest  point  of  tension  that  it  can  contain;  he  then  places  near  to 
it  an  earth-connected  rod,  furnished  with  a  point  directed  towards  the 
conductor,  and  he  shows  that  the  tension  which  can  be  produced  in  the 
conductor  diminishes  constantly  as  the  angle  of  the  n«ghbouring  point 
is  made  less.  He  next  provides  a  Leyden  jar  that  discharges  itself  by 
spark  through  a  given  neighbouring  point,  and  unscrewing  this  point,  and 
replacing  it  by  a  crown  of  points,  he  shows  that  thenceforth  the  same  jar 
will  only  discharge  itself  silently  and  without  a  spark.  He  then  so  ar* 
ranges  the  jar  that  it  discharges  by  sparks  below  the  plane  of  a  neigh- 
bouring terminal  point,  and  on  fixing  lateral  points  below  that  plane,  the 
spark-discharges  immediately  cease. 

Perhaps,  however,  the  most  telling  proof  of  the  beneficial  influence  of 
points  in  relieving  the  tension  of  an  excited  electric  is  that  which  is  given 
by  a  very  simple  and  pretty  experiment,  most  easily  performed.  If  a  living 
man  stands  upon  a  stool  with  glass  legs,  and  is  placed  in  electrical  com- 
munication with  the  prime  conductor  of  an  electrifying  machine  at  work, 
with  a  gold-leaf  electrometer  on  the  table  three  or  four  yards  away  from 
him,  and  holds  in  his  hand  a  sewing  needle,  with  one  finger  pressed  over 
the  point,  the  gold  leaves  of  the  electrometer  show  no  manifestation  of 
the  electricity  in  the  operator,  until  he  unmasks  the  needle  by  withdraw- 
ing the  finger  from  its  point,  when  the  gold  leaves  immediately  start  asun- 
der, under  the  influence  of  the  stream  of  electricity  which  is  poured  out 
upon  them  through  the  point,  even  at  that  distance.  Or  yet,  again,  if  a 
large  tassel  of  strips  of  light  tissue  paper  is  made  to  throw  its  several 
strips  out  into  a  divergent  brush,  by  electrifying  the  tassel  from  a  machine, 
the  tassels  of  the  paper  collapse  together  immediately  upon  unmasking 
upon  them  a  needle  point  held  in  the  operator's  hand  at  the  distance  of 
two  or  three  feet  away.    There  is  one  very  important  result  of  the  employ- 
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ment  of  terminal  points  to  lightning  rods,  which  should  never  be  lost  sight 
of.  A  lightning  rod  with  efficient  points,  and  in  satisfactory  operation, 
might  be  grasped  by  the  hand  of  a  living  man  even  when  in  action,  with 
entire  impunity,  because,  on  account  of  the  continued  drain  set  up  by  the 
points,  the  rod  can  never  assume  any  dangerously  high  tension.  A  con- 
ductor acting  without  a  point,  on  the  other  hand,  is  in  a  state  of  very 
considerable  tension  when  it  effects  its  first  discharge,  and  if  it  were  grasp* 
ed  in  the  same  way  by  a  hand,  would,  in  all  probability,  strike  through 
that  hand  some  very  inconvenient  and  possibly  painful  proportion  of  the 
discharge.  Conductors  that  have  been  acting  silently  with  points  have 
been  seen  to  be  struck  by  sinuous  tracks  of  fire,  indicating  dangerous  dis- 
charges of  high  tension,  when  they  have  been  disarmed  of  their  points. 

Platinum  has  very  generally  been  recommended  for  the  construction  of 
the  terminal  points  of  lightning  rods,  because  it  is  one  of  the  hardest 
known  metals  to  melt,  and  because  it  is  also  not  easily  oxidised.  The 
points  are  shaped  to  an  angle  of  from  7  to  10  degrees  at  the  top,  and  are 
made  a  trifle  less  than  2  inches  (5  centimetres  by  the  French)  long.  In 
this  form  they  are  screwed  firmly  into  the  top  of  a  rod  of  copper,  which  is 
then,  in  its  turn,  connected  with  a  cable  or  metallic  bar  below.  The  ter- 
minal rod  is  usually  made  of  augmenting  size  as  it  descends,  and  is  gener- 
ally projected  from  12  to  20  or  80  feet  above  the  building  that  is  to  be 
protected.  Platinum  points  are  specially  made  for  lightning  conductors 
in  Paris.  They  are  supplied  by  Collins,  of  118,  Rue  Montmartre; 
Beignet,  of  96,  Rue  Montmartre ;  and  Detouche,  of  222,  Rue  St.  Mar- 
tin. The  cost  of  a  platinum  point  at  these  houses,  grafted  on  brass,  and 
from  50  to  70  centimetres  ^1*9  to  2*7  inches)  long,  is  from  IG  to  22 
francs.  For  better  finished  work,  with  larger  needles  of  platinum,  grafted 
upon  copper,  the  cost  is  from  60  to  200  francs. 

M.  Francisque  Michel  considers  that  the  points  may  be  quite  as  ad- 
vantageously made  of  silver  alloyed  with  copper,  in  the  same  way  that  it 
is  when  used  for  coining  silver  money,  that  is,  containing  165  parts  of 
copper  to  885  parts  of  silver.  Huch  points  have  the  unquestionable 
recommendation  that  this  alloy  possesses  a  very  much  higher  conducting 
power  than  platinum,  which  has  12  times  less  conducting  power  than 
silver,  and  11  times  less  than  copper.  Messrs.  Sanderson  and  Proctor 
construct  their  points  very  neatly,  by  simply  twisting  the  copper  tape 
spirally  at  the  end,  after  the  fashion  of  an  auger,  and  then  filing  away  the 
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termination  of  the  flat  metal  into  the  shape  of  a  sharp  angle.  The  en- 
tire terminal  is  also  gilded  orer  the  copper  to  the  extent  of  8  inches. 
This  kind  of  point  has  the  very  ob?ioas  recommendation  that  it  forms  a 
continnons  portion  of  the  actaal  rod,  and  needs  no  joining  or  attachment. 

The  French  electricians  strongly  recommend,  npon  the  ground  of  the 
experiments  of  Professor  Oayarret,  that  the  lightning  rod  should  be  ter- 
minated by  a  cluster  or  a  crown  of  points,  instead  of  by  one  alone,  and 
M.  Callaud  has  given  two  sketches  in  his  treatise  of  forms  of  terminal 
points  that  have  been  adopted  in  France,  in  one  of  which  a  circle  of  ten 
points  radiates  at  an  angle  of  45  degrees  round  the  base  of  the  principal 
terminal,  which  rises  some  inches  above  them ;  whilst  in  the  other  a  kind 
of  plume  of  points  feathers  out  from  the  base.     M.  Beignet,  of  the  Bue- 
Montmartre,  exhibits  a  model  of  the  multiple  point  which  the  French 
electricians  most  affect.     Mr.  Francis,  of  Southampton  Street,  Strand, 
constructs  a  yery  simple  and  efficient  multiple  point  of  copper.     The 
Hotel  de  Yille  at  Brussels,  which  is  a  very  large  building,  and  which  has 
been  furnished  with  lightning  rods  upon  a  very  complete  scale  by  Mr. 
Melsens,  a  distinguished  Belgian  electrician,  is  literally  bristling  with 
points.     It  has  228  points  of  copper  and  36  points  of  iron  in  its  system. 

The  lower  termination  of  a  lightning  conductor  requires  the  exercise 
of  eyen  more  care  than  its  upper  end,  because  it  is  less  constantly  and 
less  generally  under  obseryation,  and  any  shortcoming  or  mistake  in  re- 
ference to  it  is  fatal  to  the  efficiency  of  the  rest  of  the  arrangements, 
howeyer  judiciously  they  may  haye  been  carried  out.  A  faulty  termina- 
tion of  the  earth  connection  is,  of  all  else,  the  most  common  and  fre- 
quent blunder,  in  relation  to  lightning  conductors,  that  is  made.  As 
that  is  one  of  *the  terminations  of  the  artificially  proyided  conducting 
track,  it  must  be  of  enlarged  dimensions,  as  has  been  already  explained. 
It  must  be  in  yery  intimate  coinmunication,  not  merely  with  the  ground, 
but  with  the  freely  conducting  portion  of  it.  If  a  moist  contact  can  be 
secured  by  insertion  of  the  rope  or  rod  into  constantly  damp  soil,  the 
contact  need  only  be  large  enough  to  diffuse  what  is  known  as  the  elec- 
trolytic action — ^that  is,  the  chemical  disintegration  of  corrosiye  metals 
at  moist  contact  when  electric  currents  are  operative— oyer  a  fairly  ex- 
tended space.  If  the  contact  is  made  with  dry  earth,  the  surfaces  must 
be  yery  large  indeed.  The  drier  the  material  that  is  inyolyed — unless  it 
be  an  extended  system  of  continuous  metallic  snbstance,  such  as  the 
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nndergronnd  iron  tabes  of  water  and  gas  supplies  in  towns,  which  are 
among  the  most  efficient  groond  terminals  that  can  be  adopted — ^the 
more  expanded  mast  be  the  sarfaces  of  commonication  and  contact. 

It  is  worth  while  here  to  make  a  passing  allasion  to  a  few  flagrant 
instances  of  faalty  constraction  in  the  establishment  of  earth  contacts  of 
lightning  condactors,  on  aocoant  of  the  strength  of  the  illostration  that 
dwells  in  snch  failares.     In  a  well  known  case  of  a  lighthoose  at  Genoa, 
which  was  injured  by  lightning,  and  which  was  presnmed  to  haye  been 
famished  with  seemingly  efficient  protection,  it  was  found  that  the  bottom 
of  the  conductor  had  been  plunged  into  the  interior  of  a  stone  rain-water 
cistern,  primarily  constructed  especially  to  keep  out  the  infiltration  of  the 
sea,  and  therefore  well  adapted  to  prevent  that  moist  contact  with  the 
mass  of  the  earth  which  is  essential  to  the  object  in  yiew.     Mr.  Preece 
has  drawn  attention  to  a  very  similar  case  at  Lydney,  in  North  Mon- 
mouthshire, where  the  hollow  of  an  iron  gas  tube,  intended  to  protect 
the  church,  was  inserted  into  the  substance  of  a  loose  stone  that  was  itseH 
imbedded  on  dry  pavement.     One  of  the  most  sublime  instances  of  this 
form,  not  merely  of  superfluous,  but  of  actually  dangerous  care,  came 
under  the  author's  own  observation  a  few  years  ago,  when  he  foand  in  the 
case  of  a  church  in  Ndrfolk,  which  was  injured  by  lightning,  although  the 
tower  was  fumiBhed  with  an  apparently  sufficient  conductor,  that  the 
metallic  rod  was  carried  through  the  necks  of  glass  bottles  wherever  it 
was  attached  to  the  masonry,  and  that  the  system  of  precaution  was  finally 
consummated  at  the  base  by  putting  the  bottom  of  the  rod  into  a  glass 
bottle  buried  in  the  dry  earth.    But  a  few  months  since,  the  anthor 
undertook  to  see  to  the  protection  of  the  residence  of  a  friend  in  the  neigh- 
bourhood of  Kensington  Gardens,  in  which  an  exceptionally  lofty  house, 
even  for  that  aspiring  neighbourhood,  had  to  be  defended.    A  suffident 
copper  rope  was  brought  down  from  an  iron  balustrade  that  surrounded 
the  summit  of  the  roof,  but  it  so  chanced  that  this  was  left  lying  at  the 
lower  end  on  the  stone  pavement  of  a  sunk  basement  floor  before  the  per- 
manent earth  contacts  had  been  established,  and  that  a  thunder  stoim 
suddenly  burst  over  the  neighbourhood  while  the  system  of  protection 
was  left  in  that  unfinished  state.    The  head  of  the  household,  in  the  ab- 
sence of  his  scientific  adviser,  was,  however,  equal  to  the  emergency.    He 
had  the  bottom  of  the  rope  carefully  coiled  away  into  the  interior  of  a 
wooden  pail,  determined,  most  probably,  that  if  the  lightning  did  coue 
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down  the  rope,  it  should  at  any  rate  be  kept  in  the  pail  until  it  conld  be 
carried  away  by  some  competent  hand.    In  one  very  instmetiYe  instance, 
a  hoase  in  Natal,  which  had  been  furnished  with  one  of  the  author's 
galvanised  wire  ropes  for  a  conductor,  but  not  under  his  personal  super- 
intendence, was  injured  by  lightning.    The  house  was  a  low-hipped  struc- 
ture, of  one  storey.     The  rope  had  been  brought  from  the  top  roof  ridge 
which  was  of  metal,  along  one  of  the  hip  angles,  then  down  a  comer 
post,  and  buried  in  the  ground.     The  lightning,  however,  had  perversely 
preferred  to  go  down  an  opposite  hip,  where  there  was,  so  far,  a  metal 
rod,  and  had  then  leaped  through  the  wall,  taking  some  iron  sash  weights 
of  a  window  by  the  way,  and  shattering  the  brickwork  and  doing  other 
damage  in  its  course.     The  author  went  down,  as  soon  as  he  had  heard 
of  this  accident,  to  investigate  its  cause;  and  the  cause  was  simply  this : 
the  lightning  conductor  had  been  plunged  into  a  tract  of  dry  sand  at  the 
comer  of  the  house.     But  at  the  other  comer,  by  which  the  lightning 
had  effected  its  own  escape  to  the  ground,  was  an  old  pool  of  water  that 
had  been  filled  up  with  earth,  but  was  still  saturated  with  moisture,  and 
still  connected  with  ramifications  of  infiltrated  soil.    In  this  case  the 
lightning,  when  it  strack  the  roof  of  the  house,  had  divided  itself  be- 
tween the  two  routes  which  were  offered  to  it—the  conductor  and  the  dry 
sand  contact  of  insufficient  area,  and  the  wall  with  its  stepping  stones  of 
sash  weights  and  its  abundant  wet  contact  beneath.     The  proportion  of 
the  discharge  which  had  taken  these  different  routes  was  determined  by 
the  specific  resistance  of  each  way,  and  in  the  course  that  involved  the 
leap  through  the  non-conducting  wall,  the  amount  which  passed  was 
sufficient  to  produce  the  destructive  disraption  which  occurred.    All 
competent  electrical  engineers  are  now  keenly  alive  to  the  automatic  elec- 
trolytic action  that  is  apt  to  take  place  in  the  earth  contacts  of  a  light- 
ning conductor,  and  urge  that  it  is  not  enough  merely  to  constract  an 
efficient  lightning  conductor  in  all  its  essential  particulars,  but  that  the 
arrangements  must  be  examined  from  time  to  time,  to  make  sure  that  no 
derangement  has  taken  place.    Sach  examination  may  readily  be  effected 
by  making  short  circuits  through  the  conductor  with  the  wire  of  a  gal- 
vanometer, so  as  to  prove  by  the  movements  of  the  needle  that  the  elec- 
tric path  is  efficiently  clear. 

From  the  instant  that  an  earth  contact  is  established  for  a  lightning 
conductor,  destractive  change  of  the  surfaces  of  contact  begins,  and. 
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sooner  or  later,  the  power  of  the  conductor  is  materially  impaired  from 
this  cause.     This  action,  known  as  the  electrolytic  disintegration,  requires 
to  he  constantly  watched,  beyond  all  else,  and  all  the  more  because  it 
proceeds  in  a  region  where  the  conductor  is  removed  from  observation  by 
the  eye,  and  it  is  most  fortunate  that  such  watching  may  be  most  effi* 
ciently  and   satisfactorily  accomplished  by  so  ready  and  conrenient  a 
means  as  the  employment  of  the  galvanometer.     M.  Wilfred  de  Fonviello 
has  indeed  proposed  that  every  lightning  conductor  should  have  an  ar- 
rangement of  a  short  circuit  wire  with  the  galvanometer  attached  perma- 
nently to  it,  in  a  form  which  he  terms  Le  Controleur  des  Paratonnerrts, 
and  which  is  so  designed  as  to  be  always  ready  for  the  eye  of  the  ob- 
server.    The  author  was  once  very  near  indeed  so  furnishing,  at  his  own 
cost,  a  proof  of  the  material  need  of  some  test  and  evidence  of  this 
character.     He  had  supplied  his  own  residence  in  the  capital  of  l^atal 
with  one  of  his  galvanised  iron  ropes,  with  the  zinc  tube  and  brush  so 
demonstratively  displayed  above,  as  to  be  a  constant  object  of  observation 
and  remark  to  his  compatriots  and  neighbours.     The  finial  was  placed  so 
as  to  be  a  sort  of  advertisement  of  the  enlightened  practice  of  the 
owner  of  the  house,  and  a  standing  reproof  to  the  negligence  of  those  who 
would  not  follow  so  excellent  an  example.    The  earth  contact  was  very 
efficiently  made,  by  carrying  the  rope  along  the  muddy  bottom  of  one  of 
the  streams  of  constantly  running  water,  that  in  the  old  Dutch  settlements 
of  South  Africa  are  always  found  fringing  the  streets,  and  during  many 
very  severe  thunder-storms,  the  author  sat  in  his  easy  chair,  priding  him- 
self on  the  completeness  of  his  arrangements.     He  subseqaently,  however, 
by  mere  accident,  made  the  astounding  discovery  that  for  a  considerable 
length  of  time  the  tail  of  his  lightning  rope  had  not  been  trailed  in  the 
wet  mud,  but  was  carefully  packed  away  along  a  stretch  of  dry  ground, 
under  the  shelter  of  a  thick-set  hedge,  that  served  effectually  to  conceal 
its  presence  there.    On  some  unhappy  occasion,  when  the  author  was 
away,  the  water-courses  had  been  undergoing  cleansing  and  repair  by  the 
civic  authorities,  and  the  workmen,  finding  the  metal  rope  in  the  mud, 
had  taken  considerable  pains  to  pack  it  away  in  the  drier  and  cleaner 
place  in  which  it  was  ultimately  discovered.    If  any  accident  from  light- 
ning had  in  the  meantime  occurred  to  the  house,  this  case  would  certainly 
have  lived  in  the  annals  of  Natal,  for  a  couple  of  centuries  at  least,  as  a 
remarkable  proof  of  the  inefficacy  of  lightning  rods,  and  the  great  light- 
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ning  doctor  himself  would  have  been  held  to  hare  brought  down  the 
yengeance  of  the  clouds  upon  his  own  ignorance  and  presumption. 

The  French  electricians  hare  contrived  a  very  excellent  expedient  for 
making  an  efficient  earth  contact.     They  construct  a  stout  harrow  of 
galvanised  iron,  with  recurved  teeth,  connect  this  carefully  with  the  end  of 
the  cable  or  rod,  and  then  bury  it,  imbedded  in  a  mass  of  broken  coke,  in 
moist  earth.     The  cable  or  rod  is  conducted  to  a  suitable  site  for  this 
terminah  in  channels  of  curved  tiles,  well  filled  with  broken  coke,  or  even 
sealed  up  in  leaden  tubes,  if  there  are  ammoniacal  vapours  to  be  enconn* 
tered  by  the  way.     M.  Gallaud  has  a  still  more  ingenious  and  admirable 
plan  of  effecting  this  purpose.     He  hangs  at  the  bottom  of  the  cable  a 
galvanised  iron  grapnel,  with  four  upturned  and  four  down-curved  teeth, 
and  entangles  these  within  a  basket  of  netted  wire,  and  then  packs'  in 
this  basket  with  fragments  of  coke ;  and  the  basket,  coke,  and  grapnel 
are  afterwards  sunk  into  a  pit  or  well,  or  buried  deep  in  moist  earth.     M. 
Calland  prefers  coke  to  charcoal,  on  account  of  its  greater  porosity  and 
accettsibility  to  moisture  ;  and  he  has  made  some  careful  experiments  to  sa- 
tisfy himself  of  the  size  which  this  earth  terminal  should  have.     According 
to  the  experiments  of  M.  Pouillet  and  M.  Ed.  Becquerel,  pure  water  con- 
ducts the  electrical  force  6,754  million  times  less  freely  than  copper,  and 
therefore,  for  free  transmission,  the  earth  contact,  if  effected  by  pure 
water,  should  have  6,754  million  times  the  area  of  the  main  conducting 
cable   or  rod.     This  theoretical  argument  is,  however,  very  materially 
affected  by  the  fact  that  the  water  in  the  earth  contains  condncting 
principles  of  considerable  power,  and  by  other  analogous  considerations ; 
and  an  earth  contact  of  1,000  square  metres  (1,196  square  yards)  has 
been  fixed  by  the  best  French  authorities  as  sufficient  for  all  practical 
purposes  for  a  conductor  of  copper,  that  is,  one  centimetre  (four-tenths 
of  an  inch)  square.    M.  Calland  calculates  that  in  order  to  accomplish  this 
purpose,  his  earth-basket  must  contain  one  hectolitre  (two  bushels  and 
eighth-tenths)  of  broken  coke.     In  order  that  a  lightning  rod  may  perform 
its  work  perfectly,  it  is  obvious  that  there  must  not  be  any  greater  resist- 
ance to  the  passage  of  the  electrical  discharge  at  its  earth-outlet,  than 
there  is  in  the  rod  or  main  channel  of  the  discharge.     Very  commonly 
in  badly-arranged  lightning  rods,  it  is  found  that  there  is  ten  thousand 
times  more  resistance  at  the  outlet  into  the  earth  than  there  is  in  the  main 
rod  of  the  conductor.    When  this  altogether  excellent  expedient  of  M. 
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Gallaud*8  cannot  be  adopted,  a  bore  4  or  5  inches  in  diameter  shonid  be 
snnk  16  or  20  feet  into  damp  soil,  into  which  the  cable  should  be  inserted 
and  then  the  bore  should  be  filled  round  the  cable  with  broken  coke,  and 
the  whole  be  firmly  rammed  down ;  or  radiating  trenches  should  be  cut  as 
deep  as  possible  in  the  ground,  and  corresponding  branches  from  the 
cable  be  then  packed  into  these  with  an  investment  of  broken  coke.  M. 
Francisqne  Michel  gives  an  unqualified  approval  to  the  attachments  of 
the  lower  terminal  of  the  cable  to  iron  service-pipes,  whether  of  water  or 
gas,  in  towns. 

In  Qay-Lusaac's  report  to  the  French  Academy  of  Sciences,  in  1828, 
it  was  held  that  all  large  metallic  masses  contained  in  any  building  should 
be  brought  into  metallic  communication  with  the  main  system  of  con- 
ductors, and  that  there  was  no  need  whatever  for  the  employment  of  in- 
sulating supports  in  attaching  the  lightning  rod  to  the  structures  that  it 
is  intended  to  defend.    These  conclusions  of  Gay-Lussac's  have   been 
generally  acted  upon  since  his  time,  and  no  very  marked  case  has  ever 
occorred  to  stamp  the  practice  that  has  been  adopted  in  these  particulars 
as  radically  wrong.    In  my  own  practice,  in  the  colony  of  Natal,  I  have 
almost  invariably  acted  upon  them,  and  no  single  instance  of  insuffideney 
of  protection  has  ever  come  under  my  notice  in  consequence  of  the 
arrangement    The  point  is,  however,  one  upon  which  there  is  now  some 
difference  of  opinion  in  high  quarters.    M.  Gallaud,  for  instance,  in  his 
recently  printed  treatise  on  the  Paratonnerre,  insists  upon  the  adoption 
of  insulating  supports  for  the  rod,  and  unconditionally  condemns  the  elec- 
trical communication  of  the  rod  with  the  metallic  masses  contained  within 
the  building ;  and  he  states  in  one  part  of  that  work,  that  M.  Pouillet  has 
to  some  extent  given  in  his  adhesion  to  these  revolutionary  views.    M. 
Francisque  Michel,  on  the  other  hand,  upon  a  full  review  of  all  M. 
Callaud*s  arguments,  maintains  the  old  doctrine  that  the  conductor  may 
safely  be  attached  to  the  masonry  of  the  building  by  ordinary  staples  or 
holdfasts,  or  any  convenient  way,  and  that  insulating  supports  are  of  no 
use  whatever,  and  that  all  masses  of  metal  contained  in  a  building  should, 
as  a  general  rule,  be  metallically  connected  with  the  main  line  of  the 
conductor.     Professor  Melseiks,  of  the  Boyal  Academy  of  Belgium, 
one  of  the  highest  Belgian  authorities,  contends,  upon  experimental 
grounds,  that  the  well-known  laws  of  derived  electrical  currents  apply 
with  equal  force  to  the  transmissions  of  electrical  force  of  high  tension, 
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and  that  scattered  masseB  of  metal  in  any  bailding  shoald  be  metalically 
connected  with  the  conductor  by  closed  circuits  constitated  by  contacts  with 
two  distinct  points  of  the  rod.  This  divergence  of  view  among  high 
anthorities  is  of  notable  import,  becanse  it  is  virtually  the  only  material 
difference  of  practice  that  is  encountered  in  the  treatment  of  this  subject 
by  well  qualified  soientifio  men,  and  it  may  therefore  be  very  readily 
admitted  to  be  an  affair  that  yet  requires  a  more  searching  investigation, 
and  further  severe  question  by  observation  and  experiment.  In  the  mean- 
time, it  is  of  some  importance  that  the  exact  bearing  of  the  doctrine 
advocated  by  M.  Callaud  should  be  understood. 

In  illustration  of  his  argument,  M.  Callaud  takes  the  case  of  an  iron 
balcony  supported  in  front  of  the  window  of  a  house  at  some  elevation 
from  the  ground,  and  considers  the  possible  result  to  living  men  and 
women  contained  in  this  balcony  at  the  time  of  a  severe  thunderstorm, 
accordingly  as  the  balcony  is,  or  is  not,  electrically  connected  with  an 
efficient  lightning  rod.  He  argues,  if  the  balcony  is  connected  with  a 
lightning  rod,  a  living  person  standing  upon  it,  or  leaning  against  its  rail, 
is  very  much  more  likely  to  be  struck  by  a  discharge  of  lightning,  than  if 
the  balcony  had  no  such  oonnection.  In  the  former  case  the  living  body 
is  likely  to  be  made  a  stepping-stone  for  the  lightning  on  its  way  to  the 
rod.  He  holds  that  in  the  case  of  a  lightning  stroke,  the  chances  are  a 
hundred  to  one,  that  a  lightning  rod  is  struck  in  preference  to  any  part  of 
a  building,  but  that  if  the  conductor  is  faulty  in  any  particular,  and  scat- 
tered metallic  masses  are  connected  to  it,  this  is  tantamount  to  attaching 
the  hundred  chances  of  danger  to  the  metallic  masses  and  to  living  people 
placed  near  them.  He  says,  in  effect,  a  satisfactory  and  perfect  lightning 
rod  should  be  so  placed  that  it  efficiently  protects  every  part  of  the 
structure  it  is  attached  to,  and  that  if  it  does  this,  no  scattered  mass  of 
metal  within  the  building  can  possibly  be  struck  by  a  discharge.  There- 
fore connection  of  the  rod  with  scattered  masses  of  metal  is  superfluous 
and  useless  where  the  rod  is  efficient  and  perfect  in  itself,  and  objection- 
able and  dangerous  when  the  rod  is  not  in  an  efficiently  acting  condition. 
And,  perhaps,  the  greatest  force  of  this  argument  falls  upon  a  fact  which 
is  very  earnestly  pressed  by  M.  Callaud,  that  a  lightning  rod  is  a  merely 
passive  piece  of  mechanism,  which  does  not  give  visible  or  palpable  signs 
of  its  own  derangement,  like  a  clock,  but  which  may  furnish  fatal  proof 
of  its  imperfection  too  late,  by  killing  the  person  who  places  unmerited  and 
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undue  trust  in  its  efficiency  and  excellence.  M.  Callaud  remarks  with 
some  force.  ^'  Lightning  cannot  strike  a  structure  that  is  well  protected. 
If  the  lightning  finds  at  the  side  of  the  Paratonnerre  an  electrical  conductor 
that  is  superior  to  itself,  the  structure  is  then  ineffidently  defended.  A 
Paratonnerre  ought  to  dominate,  to  cover,  to  protect,  a  building  in  all  its 
parts,  and  in  all  its  details,  or  it  is  better  away."  The  gist  of  the  whole 
matter,  therefore  is,  take  care  that  your  conductor  is  perfect  and  efficient 
in  all  its  parts,  and  that  it  is  in  every  sense  adequate  to  the  work  that 
it  is  required  to  do,  whatever  may  be  the  size  of  the  building,  and  then  it 
becomes  a  matter  of  small  moment  whether  scattered  masses  of  metal  com- 
prised in  the  building  are  connected  with  the  rod  or  are  not  connected,  and 
whether  the  rod  is  connected  to  the  building  by  insulating  or  by  non- 
insulating  supports.  M.  Callaud's  conclusion,  however  (and  it  is  the  one 
upon  which  he  states  that  M.  Pouillet  has  given  in  his  adhesion),  is  sub- 
stantially— ^'  Connect  any  masses  of  metal  with  the  Paratonnerre  that  are 
of  necessity  removed  from  the  occasional  close  presence  of  living  people, 
but  on  no  account  ever  connect  such  masses  with  the  Paratonnerre,  when 
they  may  at  any  time  have  living  people  in  their  close  neighbourhood/' 
Pending  further  investigation  of  this  very  interesting  point,  there  ctn 
be  no  doubt  that  this  distinction  is  a  prudent  and  a  safe  one  to  be  adopt- 
ed in  practice,  and  that  it  is  more  prudent  and  more  required  in  pro- 
portion to  the  insufficiency  of  the  arrangements  of  the  conductor. 
Conducting  masses  which  are  connected  with  the  earth  by  less  readily  con- 
ducting substances,  occasionally  give  rise  to  a  curious  effect,  which  is 
technically  known  as  the  return  shock,  and  which  is  altogether  a  result  of 
inductive  action.  When  a  powerfully  charged  electric  comes  within  a 
moderate  distance  of  them,  an  electrical  charge  of  an  opposite  character  is 
drawn  into  them  by  induction,  but  this  secondary  charge  escapes  back  to- 
wards the  earth  the  instant  the  indacing  tension  is  removed.  The  pro- 
duction and  character  of  this  return  shock,  caused  by  inductive  action, 
admits  of  very  complete  illustration  by  electrical  apparatus.  An  insulated 
conductor  of  long  cylindrical  form,  but  with  its  glass  supports  only  half 
the  length  of  the  glass  pillar  of  a  prime  conductor  of  an  electrical  machine, 
may  be  placed  parallel  with  the  prime  conductor,  but  about  an  inch  away. 
The  secondary  conductor  is  then  to  be  raised  to  the  same  height  as  tbo 
prime  conductor,  by  fixing  its  glass  pillar  upon  the  top  of  a  pillar  of  wood, 
a  fine  wire  being  carried  from  the  metal  cylinder  to  the  wood.     A  wire  is 
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th«n  also  to  be  carried  from  the  secondary  condactor  to  the  earth,  but  is  to 
be  so  arranged,  that  a  small  gap  may  be  left  in  some  convenient  part  of  its 
coarse.  When  the  prime  condactor  is  charged  positively  by  the  machine, 
the  positive  electricity  of  the  secondary  condactor  is  indactively  driven 
oat  throagh  the  wire,  and  the  wooden  pillar  to  the  earth,  and  the  condact- 
or itself  remainR  negatively  charged.  Bat  when  the  working  of  the 
machine  is  stopped,  and  the  prime  condactor  is  deprived  of  its  positive 
charge  by  a  touch  of  the  finger,  the  negative  charge  in  the  secondary 
conductor  is  also  set  free  from  its  condition  of  indactively  maintained 
constrain,  and  positive  electricity  leaps  back  from  the  earth  to  restore  its 
proper  balance  and  saturation,  and  as  it  does  so,  is  seen  passing  as  a  spark 
through  the  gap  in  the  earth-wire,  because  that  gap  affords  less  resistance 
to  the  passage  of  electricity  of  tension  than  the  supporting  pillar  of  wood. 
If  a  little  gan-cotton,  or  some  other* suitable  inflammable  substance  is 
placed  in  the  gap,  it  is  fired  by  the  spark  at  the  instant  of  the  discharge. 
Professor  Tyndall,  in  his  lectures  at  the  Royal  Institution,  shows  the  pro- 
daction  of  this  sympathetic  inductive  discharge  in  a  very  magnificent 
form.  He  has  a  fiat  coil  of  copper-wire  imbedded  in  a  mass  of  insulating 
resin,  through  which  he  can  pass  the  discharge  of  the  powerful  battery  of 
the  institution,  consisting  of  fifteen  Leyden  jars ;  and  he  has  also  a  second 
flat  coil  similar  to  the  first,  which  he  can  place  parallel  to  it  and  about  an 
eighth  of  an  inch  away,  the  two  ends  of  the  second  coil  being  connected 
with  a  wire  presenting  a  small  gap  of  continuity.  When  the  discharge 
of  the  battery  is  passed  through  the  first  coil,  a  powerful  sympathetic 
discharge  rushes  at  the  same  instant  through  the  secondary  coil,  and 
makes  itself  manifest  by  a  bright  flash  and  a  loud  snap  in  the  gap  of  the 
connecting  wire.  The  discharge  of  an  electric  cloud  in  this  way  not 
ancommonly  produces  a  number  of  sympathetic  minor  discharges  from 
neighbouring  bodies.  The  induced  discharge  is  sometimes  quite  strong 
enough  to  produce  mechanical  mischief  in  resisting  bodies  that  lie  in  its 
path.  The  shocks  experienced  by  living  people  on  the  instant  of  a  dis- 
charge of  lightning  without  fatal  results  are  generally  of  this  character. 
It  was  to  meet  the  case  of  these  incidental  induced  charges,  and  the  con- 
sequent ''  return  shocks,"  that  the  expedient  of  connecting  scattered 
masses  of  metal  with  the  conductor  was  originally  devised.  The  return 
shock  resulting  from  a  limited  inductive  disturbance,  may  be  strong  enough 
in  some  circumstances  to  cause  death  by  the  mere  arrest  of  the  vital 
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action  of  the  nerve  stractures  through  which  it  passes,  without  leaTinfr 
behind  it  any  trace  of  mechanical  violence,  snch  as  is  general! j  produced 
by  the  true  lightning  stroke. 

The  old  practice  of  protecting  bnildings  from  lightning  consisted  in 
erecting  rods  of  metal  upon  wooden  frames,  near  to,  but  not  in  actual 
contact  with,  the  walls  of  the  honse.     When  the  anthor  of  this  article 
iirst  visited  Natal  in  1857,  the  houses  in  the  two  principal  towns,  that 
were  defended  at  all,  had  independent  conductors  of  this  class,  of  the 
rudest  possible  kind,  erected  by  the  side  of  the  one-storeyed  houses  upon 
ungainly  wooden  frames.     The  conductor  was  composed  of  an  iron  rod, 
joined  in  three  lengths,  and  rudely  pointed  above,  and  it  was  made  of 
three  different  pieces-^i  comparatively  thick  one  below,  and  a  comparatively 
thin  one  at  the  top.     This  practice  was  primarily  based  upon  an  investiga- 
tion which  was  conceived  to  demonstrate  that  all  structures  lying  within 
a  conical  space,  which  had  the  conductor  itself  for  its  height,  and  a  breadth 
for  its  base  equal  to  four  times  the  height  of  the  conductor,  were  safe.   This 
estimate  gives  a  fair  approximation  to  a  truth,  but  it  is  by  no  means  abso- 
lute, and  must  not  be  empirically  relied  upon.     It,  however,  furnishes  a 
very  good  indication  of  the  way  in  which  the  upper  termination  or  ter- 
minations of  the  rod  must  be  arranged.     The  terminal  point  should  go 
some  considerable  distance  above  the  house  tops,  and  then  if  any  projecting 
parts  of  the  house  extend  beyond  the  surface  of  a  line  having  perhaps  a 
somewhat  more  acute  figure  than  the  one  which  has  been  named,  other 
subsidiary  points  must  be  reared  up  from  the  line  of  the  conductor  above 
such  conical  slopes.    Mr.  Preece,  in  his  paper,  considers  that  the  light- 
ning conductor  should  only  be  held  to  afford  absolute  protection  within  a 
conical  space  in  which  the  base  is  as  large  again  as  the  height  of  the  line. 
When,  however,  the  general  idea  of  the  limits  of  this  lateral  protection  u 
once  clearly  conceived,  it  becomes  very  easy,  indeed,  to  render  the  arrange- 
ments of  the  upper  terminals  perfect  for  any  individual  case.     It  is  only 
necessary  that  all  prominent  masses  of  metal  shall  be  connected  with  the 
system  of  metallic  communication,  and  that  an  additional  branch  of  the 
system  of  defence  shall  be  carried  out  whenever  outlying  parts  of  the 
structure  get  near  to  the  conical  limit  of  protection.     This  is  virtually 
what  has  been  done  in  the  case  of  the  Hotel  de  Ville  at  Brussels,  with 
its  terminal  of  264  points. 

When  Sir  William  Snow  Harris,  now  some  years  ago,  turned  his  atten- 


PROTECTION    OF    BUILDINGS    FROU    LIOHTNINQ.  361 

lion  to  the  protection  of  ships  from  lightning,  he  devised  a  plan  of  making 
the  Ijghtnbg  conductor  a  part  of  the  original  design  and  essential  con- 
strnction  of  the  ship.  Now  all  large  and  well-contrived  vessels  are  always 
built  with  the  lightning  rod  included  in  their  structure.  It  is  almost 
incredible  that  up  to  this  time  the  same  course  has  not  been  taken  with 
liouses.  It  is  hard  to  understand  why  lightning  conductors  should  be 
objects  of  exceptional  luxury,  and  rain  pipes  objects  of  daily  need,  and 
the  more  so  when  rain  pipes  themselves  can  be  so  easily  turned  by  a  little 
forethought  and  mechanical  ingenuity  into  lightning  conductors  of  the 
roost  efficient  character ;  they  only  need  that  their  joints  shall  be  made 
mechanically  continuous,  that  their  earth  contacts  shall  be  perfected,  that 
all  masses  of  metal,  with  perhaps  the  limitation  that  is  contended  for  by 
M.  Callaud,  shall  be  brought  into  metallic  communication  with  them,  and 
that  metal  terminals  shall  be  distributed  from  them  to  the  roofs  above, 
upon  the  principle  that  has  been  explained.  Mr.  Preece  has  thrown  out 
one  very  eifcellent  suggestion  which  well  deserves  further  thought ;  it  is  to 
the  effect  that  metal  ventilating  pipes  carried  up  from  the  sewers  over  the 
roof  of  the  house,  may  advantageously  be  made  part  of  the  arrangements 
for  protection  against  lightning.  The  familiar  case  of  the  Monument  of 
London  is  continually  adduced  as  a  proof  of  the  readiness  with  which  the 
accidental  features  of  a  building  may  be  turned  to  account  for  this  purpose. 
The  metallic  emblems  of  flame  at  the  top  of  the  column  are  continuously 
connected  with  the  ground,  by  means  of  a  very  thick  balustrade  of  iron  that 
runs  as  a  hand-rail  down  the  stairs ;  the  structure  is  200  feet  high,  and 
towers  above  all  neighbouring  buildings,  and  yet  it  has  now  stood  within 
three  years  of  two  centuries  without  ever  having  been  injuriously  touched 
by  the  lightning. 

It  was  conceived,  until  recently,  that  8t.  Paul's  Cathedral  had  been 
efficiently  protected  in  some  similar  way  by  the  arrangement  of  water- 
pipes  and  some  supplementing  of  them  by  metallic  rods,  added  by  a 
Committee  of  the  Boyal  Society  some  120  years  ago.  Mr.  Faulkner,  of 
Manchester,  however,  found,  in  a  careful  examination  made  subsequently 
to  1872,  that  the  system  had  become  entirely  inefficint  for  the  purpose  for 
which  it  was  intended,  by  the  formation  of  thick  incrustation  of  rust  on 
the  contact  surface  of  the  rods,  and  by  the  interpolation  of  blocks  of  dry 
granite,  some  nine  inches  thick  in  places,  into  the  actual  line  of  electrical 
conduction.     The  entire  building  has  now  been  most  efficiently  protected, 
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under  the  skilful  direction  of  Mr.  Faulkner,  by  carrying  eight  octagonal 
half-inch  ropes  of  common  wire  from  the  Cross,  Ball,  and  Golden- 
gallery  through  the  metal-work  of  the  roof  of  the  dome,  and  through  the 
metal-work  and  rainfalls  of  the  lower  parts  of  the  building  to  the  sewers, 
where  the  conducting  strands  terminate  in  copper  plates  pegged  into  the 
moist  earth.  In  carrying  out  this  work,  every  important  metallic  portion 
of  the  building  was  separately  tested  by  the  galvanometer,  to  make  sure 
that  the  electrical  communication  with  the  earth  was  virtually  and  sub- 
stantially clear.  The  galvanometer  was  first  made  into  a  circuit -with  a 
metallic  gas-pipe ;  and  then  the  circuit  was  opened  out,  so  that  earth  was 
made  in  one  direction  through  the  gas-pipe,  and  in  the  other  through  the 
metallic  portion  of  the  building  for  the  time  under  examination ;  and'  Uie 
test  was  not  considered  satisfactory  until  the  deflections  of  the  galvanometer 
were  the  same  under  both  alternatives.  In  arranging  methodical  architec- 
tural plans  of  this  kind,  it  must  always  be  carefully  borne  in  mind  that 
small  gas-pipes  of  easily  fusible  metal  must  on  no  account  form  part  of  the 
connecting  lines  of  conducting  circuit.  Gas-pipes  are  most  easily  fused 
by  a  stroke  of  lightning,  and  when  they  are  so  fused,  the  gas  which  escapes 
from  the  extemporised  orifice  is  invariably  set  light  to. 

One  point  which  was  expressly  urged  by  Mr.  Preece,  and  by  Captain 
Donglas  Galton,  in  the  discussion  of  Mr.  Preece's  paper  at  the  Society  of 
Telegraph  Engineers,  should  be  most  carefully  kept  in  view  in  any  struc- 
tural plan  matured  for  the  protection  of  buildings,  namely,  the  including 
of  all  fire-places  or  stoves  and  soot-blackened  chimneys  in  the  system  of 
connected  construction.  To  adopt  Mr.  Preece's  own  statement  of  this 
need — *<It  must  not  be  forgotten  that  a  chimney  lined  with  a  thick  layer 
of  soot,  up  which  a  current  of  heated  air  and  vloumes  of  smoke  are  ascend- 
ing, and  terminated  by  a  mass  of  metal  (the  grate),  is  an  excellent  but 
dangerous  conductor,  for  it  ends  in  the  room,  and  not  in  the  earth." 

Since  the  first  preparation  of  this  paper,  two  pamphlets  by  Messrs.  Gray 
and  Sou,  of  Limehouse,  have  come  into  the  hands  of  the  author,  which 
are  valuable  and  interesting,  o^  account  of  the  details  which  they  contain 
of  a  considerable  series  of  instances  of  damage  from  lightning.  Mr.  W. 
J.  Gray,  of  this  firm,  was  orginally  concerned  with  Sir  William  Snow 
Harris  in  perfecting  his  plan  for  protecting  ships,  and  obviously  possesses 
a  large  amount  of  practical  information  in  regard  to  accidents  that  have 
occurred.     Space  now  only  serves  to  say  that  the  Messrs.  Gray  endorse 
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the  practice  of  connecting  all  metallic  masses  in  a  s tract ure  with  the 
main  line  of  cond action,  and  especially  urge  the  sarroanding  of  all  prominent 
objects,  sach  as  the  tops  of  tall  chimneys  and  charch  towers,  with  con- 
tinaoas  bands  of  copper  brought  down  into  direct  connection  with  the 
discharging  rod. 

The  great  length  to  which  this  paper  has  already  extended  itself,  alone 
prevents  some  allasion  being  here  made  to  the  views  of  Professor  Zenger, 
of  Prague,  who  advocates  the  nse  of  circular  zone-like  or  ring-shaped 
condactors,  embracing  within  their  span  the  objects  which  are  to  be  de- 
fended from  injury. 

There  is  no  sufficient  ground  for  the  popular  idea  that  accidents  from 
lightning  are  of  such  rare  occurrence,  that  it  is  scarcely  worth  while  to 
incur  the  trouble  and  cost  which  artificial  protection  involves.  The 
figures  of  the  statistician  prove  that  accidents  are  very  frequent  indeed. 
The  Escurial  in  Spain  has  been  set  fire  to  four  times  by  lightning  in  less 
than  three  centuries.  As  many  as  1,308  persons  were  ascertained  to  be 
killed  by  lightning  in  France  between  1835  and  1852.  Some  time  ago 
the  mean  number  of  deaths  from  lightning  in  each  year  was  marked  at 
8  in  Belgium ;  9  in  Sweeden ;  22  in  England ;  50  in  the  United  States 
of  America,  and  95  in  France.  M.  D'Abbadi^  records  the  destruction 
of  P,000  sheep  by  a  single  discharge  of  lightning.  Mr.  Preece  tells 
of  897  telegraph  instruments  injured  by  lightning  in  the  first  six  months 
of  1872,  in  a  staff  of  9,475  instruments.  Mr.  G.  J.  Symons,  one  of 
the  Secretaries  of  the  Meteorological  Society,  has  given,  as  the  list  of 
accidents  that  he  had  ascertained  to  have  happened  during  two  severe 
storms  in  June  1872,  10  deaths  and  15  cases  of  injury  to  human  beings  : 
60  houses  struck  and  15  burned  down ;  and  23  horses  or  cattle  and  99 
sheep  killed.  It  need  scarcely  be  said  that  many  accidents  also  occur 
every  year  from  lightning,  over  and  above  those  which  get  publicly  spoken 
of  or  placed  on  record.  In  large  towns,  damage  to  property  is  more 
frequent  than  destruction  of  human  life,  but  in  the  open  country,  des- 
truction of  life  is  the  more  frequent  occurrence.  In  the  face  of  figures 
like  these,  and  of  the  fact  of  the  slowness  of  man  to  avail  himself  of 
the  ready  defence  which  science  places  at  his  command,  unfortunate  hu- 
manity certainly  stands  very  much  in  need  of  the  consolation  which  the 
physiologist  affords,  when  he  tells  us  that  all  danger  from  lightning  is 
passed  when  the  flash  of  the  electrical  discharge  is  seen,  and  when  he 
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further  states  that  when  men  are  killed  by  lightning,  thej  mre  dead  befoK 
they  have  time  to  know  anything  about  the  fact,  or  indeed  to  be  oo»- 
scions  of  the  fatal  blow — a  oonclnsion,  by  the  way,  which  is  strikinglj 
corroborated  by  an  unintentional  experience  of  Professor  Tjndail's,  who 
upon  one  occasion  passed  the  full  charge  of  the  powerful  Ltejdai  jar 
battery  of  the  Boyal  Institution,  by  accident,  through  him,  and  was  per- 
fectly unconscious  of  any  shock.  It  is  something,  at  any  rate,  to  hare 
this  comfortable  assurance  when  the  sense  of  neglected  opportanity 
comes  over  the  mind  in  an  exposed  situation,  and  in  an  unprotected  hoose 
during  a  seyere  thunder-storm.  But  it  is  humbly  submitted,  ms  aa  ap- 
propriate last  word  of  this  paper,  that  to  men  of  well-regulated  minds,  a 
good  lightning  conductor  may,  in  such  emergencyi  be  found  to  be  an 
even  greater  satisfaction  and  comfort 

RJ.  M. 
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No.  CCXLI. 

SUGAR-CANE  CRUSHING  MILL. 

[  Vide  Plate  XLII.] 


Denpned  and  constructed  by  Libut.  J.  Clibborn^  B.S.C.^  Asaut. 
KnginecTi  Northern  Division,  Ganges  Canal. 


EvBRT  Irrigation  Officer,  wben  riding  throngh  his  district  daring  the 
sugar-cane  crushing  season,  must  have  noticed  the  difficulty  which  the 
cnltiyators  find  in  proYiding  bullock  power  to  work  their  kolus ;  and  the 
sloyenly  manner  in  which  they  allow  the  juice,  when  expressed,  to  get 
mixed  with  pieces  of  cane  and  other  foreign  matter,  which  are  rarely  re- 
moved  before  boiling ;  and  he  must  have  felt  a  wish  to  utilize  the  many 
small  falls  in  our  distributaries  near  to  sugar  cultivation.  It  is  evidently 
more  economical  and  certainly  more  agreeable  to  the  cultivator  to  place 
the  means  of  crushing  and  boiling  his  sugar  in  the  midst  of  his  fields  and 
near  his  village,  rather  than  at  some  large  fall  on  the  canal,  to  which  he 
would  have  to  carry  his  cane  a  considerable  distance  in  most  cases. 

The  water-wheel  and  mill  just  erected  at  the  Bhais^ni  Falls,  right  n^ ain 
rajbaha.  Northern  Division,  Ganges  Canal,  is  intended  to  supply  the  want 
alluded  to  above ;  and  for  that  reason,  hsH  been  designed  and  constructed 
in  the  simplest  and  cheapest  manner  possible,  being  almost  entirely  made 
of  wood,  of  which  a  great  part  was  obtained  from  the  canal  plantations. 
It  was  built  by  a  country  mistri,  and  can  be  kept  in  order  by  the  ordi- 
nary village  carpenter,  whom  the  cultivator  employs  to  look  after  his  koln 
during  the  season.  It  must  be  remembered,  also,  that  with  a  few  simple 
additions,  the  water-wheel  is  available  for  grinding  com,  lime,  &c.,  and, 
indeed,  being  a  cheap  sonrce  of  power  in  the  heart  of  the  villages,  might 
lead  to  many  useful  manufactures  being  introduced. 


:;i;t',  Frf;»R-'-*sE  irchino  mill. 

T1<e  timi  Wdij  of  the  mill  con^fels  mainlr  in  tfae  fact  that  the  shaft  A 
of  the  water-wheel,  prolonged,  is  also 
the  upper  roll  6,  which  does  awaj  with 
the  necessitj  for  complicated  methods 
of  commomcatiag  [>ower.  The  frammg 
C  is  also  simple,  being  made  triangular, 
and  the  adjastments  being  effected  by 
wedges  D.  The  Indian  cane  is  not,  I 
believe,  so  stiff  in  stractnre  as  that 
grown  in  the  West  Indies,  and  the  ordi- 
nary method  (lee  Fig.  1  in  margin)  of 
canning  the  cane,  after  passing  through  the  first  pair  of  rollers,  to  tnm 
np  and  go  through  the  second  pair,  would  not  answer.  A  fluted  roll  B, 
iriiirlnorpii'<Hi)  wood,  was  therefore  substitnted.  It  is  caused  to  rerolre 
hy  innniii  of  the  kikar  cogs  driven  into  the  main  shaft  at  F,  and  answers 
linrrKi-Ujr. 

MiitJDn  In  tlio  required  direction  is  communicated  to  the  two  lower  rol- 
len  li,  (jl,  from  the  upper  shaft,  by  the  cog-wheels  H,  H,  which  are 
niailo  of  wood  inRtead  of  cast-iron.  Since,  if  a  cog  breaks  it  can  qnickly 
bo  replaced,  and  Ihe  motion  is  smoother;  moreover  ca&t-iron  Bpur-gear 
of  that  size,  would  cost  half  the  total  price  of  the  whole  mill. 

The  cane  is  pnt  into  the  rollers  at  I,  being  simply  laid  on  the  hoard  I, 
touching  the  rollers  which  will  draw  it  between  them.  It  then  passu 
forward  and  through  the  second  pair,  the  dry  megass  passing  over  the 
board  J,  and  falling  on  the  ground.  The  expressed  juice  falls  between 
the  rollers  and  through  the  sheet  of  perforated  zino  K  underneath,  (which 
catches  all  the  broken  bits  of  cane,  &c.,)  on  to  the  sheet  iron  L,  and 
then  into  the  trough  M,  from  which  it  can  flow  into  the  boiling  pans  at 
once,  or  can  be  fortbar  filtered  if  desired.  The  grooves  ^  inch  deep,  which 
are  shown  at  the  edges  of  the  rolls,  are  to  prevent  the  juice  flowing  ont 
at  the  bearings. 

As  the  mill  is  not  always  working,  it  |is  necessary  to  make  arrange- 
ments for  passing  off  the  supply  of  nater  when  not  required.    In  the  case  of 
the  Bhaisini  Fall,  this  was  particularly  difScnlt,  as  the  right  Muliammad- 
pnr  rajbaha  supplies  the  right  main  immediately  below  the  wheel.     I  have 
owever,  shown  this  in  the  drawing,  as  it  would  render  it  unneces- 
com  plicated. 
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I  hare  sapposed  the  case  of  a  rajbaha  with  2  feet  6  inches  depth  of  water, 

„.     ^  and  a  contracted  sill  at  the  fall, 

which  maintains  the  normal  velo- 
dty.  For  contracted  sill,  I  substi- 
tute a  raised  sill  at  the  required 
height  aboTe  the  bed.  This  raised 
sill  is  really  a  sluice  gate  N,  which 
when  lifted,  allows  the  supply  to 
flow  away  below  the  trough. 

The  bottom  of  the  supply  trough 
is  level  with  the  top  of  this  raised 
sill,  and  therefore  the  trough  re- 
ceives the  whole  supply  of  the  raj- 
baha, as  long  as  the  raised  sill  is 
standmg. 

This  sluice  is  shown  in  the  plan 
as  N,  and  a  second  sluice  O  is 
also  pnt  in  to  enable  the  supply  to  be  suddenly  shut  off  from  the  wheel 
in  case  of  an  accident  When  sluice  O  is  let  down,  it  will  be  found  that 
the  supply  in  the  rajbaha  will  not  rise  too  fast  to  allow  of  the  sluice  N 
being  taken  out. 

The  sluice  can  be  worked  with  a  screw  and  wheel,  (as  used  at  BhaisAni) 
rack  and  pinion,  or  by  hand,  or  planks  can  be  put  in. 
In  cases  where  a  side  escape  is  possible,  it  is  of  course  io  be  preferred. 

DeacriptiorL 
The  main  shaft  is  made  of  sissti  wood  18  inches  diameter,  hexagonal, 
where  it  forms  the  water-wheel  shaft. 

Tins  hexagonal  portion  is  slightly  tapered  to  one  end  and  reduced  in 
thickness  at  the  middle,  in  order  to  allow  it  to  pass  into  the  spokes  of  the 
wheel,  where  it  is  wedged  up,  and  small  angle  pieces  (a)  are  bolted  on  to 
retain  it  in  place.  The  arrangement  of  the  spokes  b  is  shown  in  Fig. 
1 ;  they  are  sfl  scantling  8'  X  S*',  and  are  quite  stiff  enough  without 
any  cross  bracing. 

The  shrouding  P,  which  is  18  inches  deep,  is  made  of  1^  inches  deodar 
pltnking,  and  is  fastened  on  the  spokes  5.  It  is  fixed  underneath  the  first 
pair,  let  into  the  second,  and  over  the  third  pair,  in  such  a  manner  as  to 
remain  in  the  same  plane. 

TOL.    VI. — SECOND    SKR1BS.  3  B 
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The  buckets  Q,  of  1  inoh  deodar  pluiks,  are  let  into  ^inch  deepgrooTai 
Fig,  4.  in  the  shrouding  P,  and  the  whole  wheel 

is  kept  together  by  twelve  ^inoh  bolts 
C,  passing  through  the  ends  of  the 
spokes.  The  sole-boards  B,  also  1  indi 
deodar,  are  nailed  on  to  the  shrouding 
and  buckets,  in  such  a  manner  as  to 
leare  a  \  inch  'slit  at  the  top  of  each 
bucket  for  ventOation.     See  Fig,  4. 

The  main  shaft  is  supported  on  kiksr 
bearing  pieces  8,  S,  which  are  bolted 
down  to  a  framing  T,  made  of  shisham 
or  bahera,  and  fixed  firmlj  in  the  ma- 
sonij  of  the  falls. 
The  framing  C  of  the  mill  is  made 
of  sd  wood  securely  morticed,  and  held  together  by  1^  inch  bolts  V,  V. 
The  lower  portion  is  imbedded  in  masonry  to  prevent  movement  The 
bearing  blocks  of  the  lower  roll  0,  O,  are  supported  on  a  bar  W,  beneath 
which  are  two  wedges  D,  D ;  by  means  of  them  and  the  wedge  above 
the  upper  roll,  adjustment  required  can  be  affected.  The  wedges  have 
bolts  through  them.  Su  Figs.  2,  8,  which,  when  screwed  up,  prevent 
any  chance  of  slipping. 

The  bearing  blocks  Z  of  the  forward  lower  roll  are  carried  over  as  weQ 
as  below  the  bearings,  in  order  to  prevent  the  roll  rising.  All  these 
bearing  blocks  are  tongued  into  the  frame  to  prevent  lateral  movemeDti 
and  either  of  the  two  lower  rolls  can  be  removed  from  the  firame  by  eas- 
ing down  the  wedges. 

The  cog-wheels  are  made  of  a  block  of  sissfi  with  kikar  teeth  dove- 
tailed in,  and  then  two  iron  rings  are  shrunk  on  at  each  end.  They  have 
alightly  tapered  hexagonal  holes  cut  in  the  bosses,  which  fit  on  to  the 
ends  of  the  rollers.  It  is  better  not  to  drive  these  quite  home  in  the 
first  instance,  so  as  to  allow  of  their  being  tightened  up  oocadoaally. 

The  sheets  of  iron  to  catch  and  carry  the  expressed  juice  to  the  deli- 
very-trough are  supported  on  small  angle  irons  screwed  to  the  frame^  so 
as  to  allow  of  their  being  drawn  out  to  be  cleaned,  &c.  For  the  sake  of 
portability,  they  are  made  of  light  sheet-iron  on  a  wooden  frame.  On 
top  of  them  are  laid  the  sheets  of  perforated  sine,  which  are  kept  from 
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tooehing  by  a  small  ledge  1  inch  high.  A  little  black  lead  applied  occa- 
sionally is  all  that  is  required  for  lubrication.  The  bearing  should  be 
kept  dry,  and  the  surface  speed  of  rollers  ought  not  to  be  more  than  20 
feet  per  minute^  or  else  all  the  juice  is  not  expressed  from  the  cane. 

It  would  be  a  great  improvement  to  shrink  iron  collars  6  inches  wide  and 
^  inch  thick,  on  the  water-wheel  bearings,  which  would  prevent  any  wear. 

It  would  also  be  advantageous  to  cover  the  rolls  with  J-inch  or  -jV^i^ch 
sheet  iron.*  These  improvements  would  add  very  little  to  the  cost  of  the 
mill,  certainly  not  Rs.  50. 

If  any  difficulty  should  be  found  in  procuring  sissd  wood,  of  sufficient 
scantling  to  make  the  main  shaft,  it  could  be  built  up  of  a  core  of  sal 
wood  one  foot  diameter,  and  thickened  at  the  places  required,  by  the  ad- 
tion  of  strips  of  kikar  or  sissii.  Built  up  shafts  like  this  are  in  common 
use  in  many  parts  of  the  world,  and  withstand  the  effects  of  climate  bet- 
ter than  solid  work.  This  of  course  would  necessitate  the  iron  sheeting. 
With  a  supply  of  14  cubic  feet  per  second,  and  a  fall  of  4*25  from  sur- 
face to  surface,  this  mill  will  crush  one  maund  of  cane  in  four  minutes. 

This  outturn,  however,  depends  entirely  on  the  fall  available,  as  the 
wheel  and  mill  are  quite  strong  enough  to  crush  twice  that  amount  with 
a  sufficiently  high  head  of  water. 

I  append  a  list  showing  the  woods  of  which  the  principal  parts  are 
made.  This  of  course  can  be  altered  if  considered  necessary,  but  I  think 
those  used  are  the  most  suitable. 


MiU  fnroiiig,                          sil. 

Cog-wheel  bosses, 

81886. 

Sluice  gates,                            „ 

Cogs, 

kikar. 

Wheel  spokes,                          „ 

Bearing  blocks, 

99 

FramiDg  to  support,                 „ 

Wedges, 

»» 

Wbed,  any  wood  dot  likely  to  be  affect- 

Shroadiog, 

deodar. 

ed  by  dry  rot. 

Sole  board, 

>• 

Shaft  and  roll,                     sissfi. 

Buckets, 

>t 

Memorandum  by  ExtaUive  Engineer. 
The  wheel,  which  was  made  by  Mr.  Clibbom  as  an  experiment,  was 
set  up  at  the  Bhaisfini  Fall  on  the  right  main  rajbaha.  The  discharge 
being  about  14  cubic  feet  a  second,  and  the  fall  4*25  cubic  feet,  the  no- 
minal horse-power  used  is  about  6*2.  With  this  nominal  power,  the  mill 
crushed  one  maund  of  cane  in  four  minutes. 

*  A  better  plan  found  naoMMrj  *'t«r  liit  year*!  worldiif ,  Is  to  cover  the  roUen  with  Idkar  wood 
on  end,  8  inches  thick,  doT»>taUed  into  the  roUenH-this  appears  to  wear  Ttiy  weU, 
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This  yesr  we  cannot  judge  of  the  extent  to  which  the  sngar-growen 
will  be  likely  to  avail  themselves  of  it ;  becaase  thej  had  made  their 
arrangements  for  the  season's  crashing  before  the  mill  commenced  to 
work.  From  the  following  calculations  by  Mr.  Olibbom,  it  appears  that 
a  great  saving  would  be  effected  by  its  use. 

The  mill  crushes  1  maund  of  cane  in  4  minutes. 

1      „      of  juice  in  8        „ 

Now  200  maunds  of  juice  to  the  bigha  is  a  very  fair  average  retom. 
I  should  say  much  above  the  average. 

Therefore  200  maunds  (=  1  bfgha)  in  1,600  minutes  =  26  hours,  or 
including  stoppages,  &c.,      ...         •••         ...         ...        =30  hours 

in  a  working  season  of  8  months,  the  mill  would  crush  therefore  ---^ — 
=  72  bfghas. 

According  to  the  following  statement,  which  is  the  average  of  results 
of  separate  enquiries  made  by  the  Deputy  Magistrate,  Ziladar,  and  Sub- 
Overseers,  which  agree  very  fairly,  and  with  which  is  contrasted  the 
estimate  of  Mr.  Butt,  C.S.,  in  the  Revenue  Reporter,  it  appears  that 
the  cost  to  the  cultivator  of  crushing  the  produce  of  one  bfgha  is  Rs. 
12-11-0.  As,  however,  this  amount  is  never  actually  disbursed  in  cash, 
and  as  we  wish  to  induce  the  cultivators  to  use  this  mill,  we  should  of 
course  fix  a  much  smaller  rate  than  this. 
EstinuUe  of  expenditure  incurred  in  crushing  one  bigha  of  sugar-cane  ky 

native  ^^kolu.** 


Nastf  All, 
Snb-Over- 


Zen>iid-din 

Deputy 
Magistrate 


Abdnl 

Karim,Zil' 

adar. 


Mr.  Bott  in  RsfesM 
Reporter. 


Catting  sngar-cane  in  short  pieces 
Pedia  and  Mathia  who  pat  cane 

into  press,  

Miscellaneona  repairs  of  *<  kola," 

Price  of  Uth,        

Hire  of  bollocks 

Hire  of  kola  and  pans,    • .        • 

Total, 


BS.  A.  P. 

B&  A.  P. 

B8.  A.  P. 

0    4    0 

0  14    0 

0  10    6 

1  11    0 

2    2    0 

2    10 

10    0 

0  12    6 

1    4    0 

8    0    0 

8    0    0 

0  16    0 

.6    0    0 

6    0    0 

6    0    0 

0  11    0 

0  11    0 

12    0 

12  10    0 

18    7    6 

12    0    0 

Mr.  Bntt  diMi  not  fife 
UilB  itOB  •qMurately, 
tmt  he  agrees  BO  (doee- 
ly  in  the  total  that  I 
ooaU  deduce  it. 


11     4 
1  14 


0 
6 


18    2    6 


Average  =  Rs.  12-11-0. 
The  earnings  of  the  mill  at  the  rate  of  kolu  cost  ==  72  X  Rs.  12-11-0 
=  913  in  one  season. 
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One  point  mnst  be  borne  in  mind,  which  is,  that  the  cost  of  constraction 
would  not  be  increased  if  a  greater  fall  of  water  was  ayailabloi  bnt  the 
oattam  wonld  be  more.  In  fact  the  rollers  and  framing,  for  the  sake 
of  simplicity,  haye  been  made  quite  strong  enough  for  water,  giving  twice 
the  power  now  exerted  at  Bhaisani. 

This  mill  and  wheel  are  of  the  most  simple  construction,  and  could  be 
kept  in  repair  by  the  ordinary  village  workmen. 

Measurements. 


Domiptimia 

No 

Length* 

Breadth. 

Depth. 

Contents. 

Total. 

Diodar  wood, 

ShlOadingyaaa                 •••                .aa                aaa 

Backingi     .••        •••        •••        ••. 

Backets,          aaa                 •■•                 •••                 ..a 

Breast^boardA,      •••        .•• 

2 

1 
24 

I 

50O 

270 

20 

lOO 

aaa 

5-5 

5-25 
60 

1 

016 

0-1 

0.1 

o-ie 

160 

14*8 

26.2 

9-6 

Total,  deodar  wood, 

m,. 

•  aa 

aaa 

..« 

.,% 

66'6 

Sdlwood. 

SpOKeO,              ,,m                aaa                aat                 ••• 

JsTBSQCf              aaa                aaa                ••»                 ••• 

yi                           •••                aaa                •*»                ,t, 

99                        •••               *••              uma              ,•» 

it                         **■               '*•               •••    *           ••* 

12 
4 
2 
2 
1 

120 
80 
60 
5.0 
50 

0-66 
lOO 
lOO 
0.76 
1*00 

0-26 
0-76 
0-76 
0-76 
100 

28.76 

24.00 

900 

5-62 

500 

Total,  Bil  wood, 

•  a. 

... 

,,9 

aaa   « 

aaa 

67*38 

SkUham  wood. 

OuAIb,                 aaa               mat               aaa               aaa 
SollerS,             aaa                aaa                ••.                aa. 

Fluted  rollen,       **,        „.        .., 

Ck>g*  wheels,          

Fnuning  imder  kikar  bearings,  aa. 

1 

2 
1 
3 
2 

140 
50 
6.0 
lO 

120 

1-8 
1*8 
0-5 
1-8 
lO 

aaa 
aaa 
:m 
aa* 

I'O 

25*2 

180 

30 

54 

240 

• 

Total,  Bhisham  wood, 

••« 

aaa 

aat 

aai 

a«a 

76.6 

Kikar  wood. 
Bearings, «. 

ft                      "»                •••                aaa                aaa 
n                        ■*•                  ••*                 aaa                  .a* 
f)                      aaa               aaa               f               ..* 

2 

4 
2 
5 

60 
80 
20 

aaa 

0-76 
0.76 
0-76 

■  aa 

1*0 
10 
1.0 

aaa 

90 
90 
SO 
50 

Total,  kikar  wood, 

aaa 

aaa 

,,• 

,,, 

••* 

260 

Irotmork, 

Bolts,  &C.,  aa.                •••               •••                ... 

99                        aat                 ,».                 aaa                 „• 

99                    ...               a*.               aat              ,,* 

* 
99                    .at              aaa               aaa              ,,» 

Trough,  &c.,        

72 
24 
16 
22 

•  •  • 

raft 

n 
» 

aa. 

••• 
•a  a 

••• 
,,m 
aaa 

47nM. 
86  „ 
64  „ 
186  „ 

Mds. 
1-0 

Total,  Ironwork, 

•  ■• 

..a 

aaa 

;• 

46 
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AhitracL 


Qoantltj. 

Batai. 

GOBltttaL 

'Item. 

Ra.  A.  P.       Pv. 

TotaL 

Deodar  wood, eft  ... 

841  wood|          •••        •■•      1,      ••t 

Iron-wofky       •••        •••   Mds.,  ••• 

lADOIir,  •••         •••        •••              ••• 

70 
70 
76 
25 
4*5 
••• 

®  1  00 
«  200 
,.180 

n    180 

m15  0  0 

••• 

C.ft 

w 

n 

Mds. 

••• 

70 

140 

144 

88 

67 

250 

••• 

••• 

••• 

••■ 

679 

Cootingendes,  ... 

Grand  Total, 


•■•        ••• 


MO. 


•••  •••! 


679 


Note  hy  Major  0.  &.  Moncribff,  R.E.y  Supdg.  Engineer^  l9t  CireU^ 
IrrigcUion  Works,  N.  W.  Provinces. 

When  I  saw  the  mill  working  near  the  Tillage  of  Bhaifiiniy  zila  Moxafr 
famagar,  on  the  20th  Janoaiy  last,  nothing  eonld  hare  been  more  aatisfiM)- 
tory.  I  saw  two  mannds  of  cane  crashed  in  8^  minutes,  with  a  yield  of 
87  seers.  This  is  just  as  good  a  result  as  has  been  obtained  at  Bhola  with 
far  greater  outlay  i^d  troubld. 

.  The  great  point  of  Lieutenant  Clibbom's  mill  is  the  fact  of  its  being 
built  of  woody  and  its  great  simplicity.  As  Oaptain  Tickell  says  it  started 
too  late  in  the  season  to  enable  us  to  judge  how  far  it  would  be  popular, 
but  I  ha?e  little  doubt  on  this  subject.  The  fame  of  the  Bhola  mill  has 
spread  up  and  down  the  canal,  and  the  3ii  zemindars  will  not  be  slow  in 
discerning  a  method  of  pressing  their  sugar-cane  without  the  ruinous 
wear  and  tear  at  present  occasioned  among  their  cattle. 


Note  by  LiBUT.-OoL.  H.  A.  Bbownlow,  R.E. 

This  mill  shows  an  appreciation  of  the  real  wants  of  thenatiTcs,  which 
is  especially  commendable.  It  can  be  made  by  any  good  ^'  miBtri,**  of 
materials  easily  procurable^  and  can  be  repaired  by  a  Tillage  carpenter. 

Although,  I  think  Captain  Tickell's  estimate  of  its  performances  rather 
sanguine,  yet  the  sanng  of  labour  eSSacted  by  this  mill  is  so  great,  that 
there  is  ample  margin  left  for  reduction. 
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All  tore  of  sagar-cane  may  be  taken  as  yielding  400  maonda  of  cane, 
from  which  one-tenth,  or  40  maonds,  will  be  amonnt  of  "  gt&r  **  obtunable* 
The  mill  cnuihed  two  mannds  of  oane  in  8^  minntes  in  the  presenoe  of  the 
Saperintending  Engineeri  bnt  aa  it  ia  not  likely  to  be  worked  at  all  times 
with  the  same  diligence  as  when  on  inspection,  10  mannds  in  the  honr,  or 
180  mannds  in  a  working  day  of  18  honrs,  is  abont  as  mnch  as  we  can 
fairly  hope  to  obtain  from  it,  on  an  ayerage. 

At  this  rate  of  working,  it  wonld  cmsh  400  mannds  in  2^  working 
days,  and  conld  dispose  of  the  produce  of  abont  40  acres  during  the  cane- 
cmshing  season  of  three  months. 

The  cost  of  the  mill  is  estimated  at  Bs.  680,  say  Bs.  700.    The  expenses 

of  working  it  wonld  probably  be  as  follows : — 

Depradation  at  10  per  oeiit»        ••#       ••• 
Interest  at  7  per  cent, 

Water-power,         

BepaiTB  daring  woridng  season — 
Matenals,    •«•       •••       ••• 

XADour,        «••        •••       ■•• 

Establishment  employed  for  three  months. 

Hire  of  boiliog  pans,  ftc, .. 

Sondries, 


•••       •••       ••• 

•••       •••       ••■ 


•«•       •••  ••• 

•••  ••• 

•••       •••       •••  ••• 

•••       •••       ••#       •••       •••       •••  ••• 


Bs. 

70 

n 

50 

n 

60 

M 

35 

fi 

5 

n 

80 

»> 

45 

ti 

15 

Total,         ...    Bs.    800 

The  cost  of  cmshing  a  bigha  of  cane  under  present  arrangements  is 
estimated  by  Captain  ^ckell  to  average  Bs.  12*75  A  canal  bigha  being 
f  of  an  acre,  the  produce  of  cane  on  it  will  be  |  x  400  mannds  s=  250 
mannds,  and  the  resulting  amount  of  '^giir'*  will  be  one-tenth,  or  25 

12*75 

mannds.    Therefore  Bs.  -^r-  or  eight  annas  per  maund,  is  present  cost 

of  turning  out  the  crude  **  g6r." 

Supposing  a  contractor  to  lease  our  mill  for  Bs.  180  for  the  season,  he 
would  pay  us  Bs.  60  for  our  water-power,  proTide  for  renewal  of  the  mfll 
in  10  years,  and  pay  7  per  cent,  on  original  outlay.  He  would  probably 
incur  about  Bs.  120  expenditure  on  other  accounts;  and  supposing  kim 
to  charge  six  annas  per  maund  of  **  g6r  "  turned  out,  he  would  dear  (40 
acres  X  40  mannds  X  Bs.  |— Bs.  800)  =3  Bs.  800  as  his  share  of  the 
profits. 
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DEFENCE  AND  RIVER-TEAINING  WORKS  OP  THE 

INDUS  AT  LUNDI. 

[  li^e  PUtes  XLUL  and  XLIV]. 


Bt  Griffin  W.  YtsBj  Esq.,  Auoe.  Iml.  C.B.,  M.R.A.8.,  F.R,A.L. 
F.O.8.,  F.R.O.S.,  8fe.,  Exie.  En^neer,  Irrigatum  Branch,  Pmnfab. 


This  pRper  will  describe  briefly  certain  measnres  which  were  adopted 
daring  the  Inundation  Season  of  1875,  to  protect  the  west  bank  of  the 
Indos  near  Lnndi,  when  very  seyere  erosion  set  in  some  distance  abofe 
ajid  below  the  ghat,  and  threatened  certun  bnnds  and  canals.  Yarions 
experiments  were  tried,  one  after  the  other,  until  we  succeeded  in  baffliog 
the  terrific  encroachment,  and  turned  the  main  current  from  attaddng  a 
weak  and  dangerous  point  As  these  works  were  carried  out  on  the 
most  eoonomioal  principles,  and  at  the  same  time  highly  suooessful,  they 
may  be  worthy  of  recording,  and  proye  useful  to  Engineers  engaged  in 
training  these  erratic  Punjab  riyers.  An  accurate  surrey  of  the  riyer 
was  made,  for  several  miles  abore  the  works,  and  the  whole  carefully 
studied  and  gone  o?er  in  a  boat,  all  contortions,  bends,  angles,  nature  of 
banks,  and  soundings  were  shown.  Velocities  were  also  taken  whererer 
practicable.  The  erosion  lines  were  daOy  obserred  and  recorded,  the 
direction  of  each  current  and  stream  of  the  main  river  or  creeks  was 
shown,  and  all  altsrationa  of  currents  noted  as  they  occurred.  The  ero- 
sion went  by  fits  and  starts,  when  the  river  remained  the  same  level.  It 
may  be  laid  down  as  a  general  principle,  that  where  the  erosion  is  most 
actively  at  work,  there  the  main  volume  of  the  river  is,  the  deepest 
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flonndings  will  be  obseryed,  the  sooar  will  be  greater  than  elsewhere,  and 
the  Telocity  more  rapid.  The  most  actiTe  erosions  take  place  after  a 
freshet  or  flood,  when  the  river  is  falling.  They  seldom  go  on  when 
a  river  is  rising,  and  eease  altogether  when  the  floods  have  reached  their 
maximum  height. 

At  A  we  oommenced  operations:  a  floatmg  breakwater  2,000  feet 
long  was  fixed  from  this  point,  and  held  by  strong  auxiliary  8-inch 
cables,  at  distances  of  50  feet  to  100  feet  apart,  to  anchors  of  tranjara 
of  20  maands  each.  This  breakwater  was  twice  carried  away,  simply 
from  nndermining.  It  was  subsequently  considerably  strengthened,  and 
double  supports  were  thrown  out  from  the  flanks.  Additions  were  made 
to  it,  until  by  the  end  of  May,  it  measured  something  orer  6,000  feet  in 
length.  The  fascines  which  composed  the  floating  breakwater,  were 
made  on  the  high  bank,  and  then  rolled  into  place.  They  measured  25 
feet  to  50  feet  in  length,  and  8  feet  to  12  feet  in  diameter,  they  were 
corded  and  interlaced  throughout.  Ample  jungle,  (t>.,  brushwood)  was  at 
hand  for  all  our  wants.  A  platform  was  subsequently  formed,  which  with 
the  silt  and  d6bris  of  the  river,  made  the  floating  breakwater  an  irresistible 
barrier,  against  any  action  of  the  river.  At  J  on  the  east  bank,  a  direc- 
tion spur  No.  5,  was  thrown  out  to  meet  the  current,  to  encourage  the  ero- 
sion to  eat  into  the  soft  bank  to  G ;  when  this  was  effected,  the  spur  No.  5, 
at  J  was  removed.  The  action  of  the  main  stream  along  this  reach  be- 
came very  extraordinary,  and  whirlpools  of  terrific  force  played  about  in 
the  concaves  of  the  main  current.  The  smaller  whirlpool  within  the  bay 
was  checked  on  the  spur  No.  3,  being  thrown  out  at  an  angle  of  45°  with 
the  current,  and  the  main  line  No.  1  increased.  The  obliquity  of  the 
thread  of  the  stream,  impelled  and  repelled,  became  too  great  for  the  con- 
cavity formed  by  the  erosion  at  0,  and  from  the  acute  angle  a',  a,'  a',  it 
formed  on  the  river  rising  a  foot,  a  less  sharp  curve  0,  h\  h\  h\  This 
curve,  however,  was  unnatural,  and  scouring  out  of  the  bed  above  J, 
showed  us  what  the  river  intended  to  do.  The  spur  No.  3  was  removed, 
and  one  placed  at  No.  4.  The  scour  increased  from  the  east  to  the  west 
bank,  and  as  it  advanced,  it  carried  the  main  stream  with  it.  The  river 
rose  suddenly  1-5  feet,  and  assumed  the  more  natural  curve  c',  c\  c\  c\  At 
F,  the  stream  was  eroding  into  the  sandy  shore,  when  a  flood  forced  the 
pent  up  water  to  take  the  more  direct  course,  and  from  a  small  creek,  a 
channel  of  considerable  size  (discharge  12,000  cubic  feet  per  second)  was 
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formed  at  F,  which,  however, -silted  ap  towards  the  end  of  the  season. 
Silt  bars  GH  and  DE,  Plate  XLIY.,  showed  themselyes  after  the  rirer  fell, 
and  to  prevent  the  rirer  from  pursuing  a  more  westerly  direction,  barriers 
of  2,000  feet  each  were  rnn  up,  on  the  silt  bar  DE,  and  floating  break- 
waters hung  from  these.  The  consequence  was  that  the  velocity  of  the 
river  was  so  far  decreased  here,  that  on  it  rising  to  its  maximum  height 
over  the  bar  DE,  silt  and  other  debris  was  collected,  until  an  island 
of  nearly  a  mile  in  length  was  formed.  These  spurs,  and  those  lower 
down,  were  now  considerably  increased,  and  strong  supports  and  barrien 
placed,  with  due  regard  to  the  direction  of  the  flood  current,  as  shown 
on  Plate  XLIV.  The  total  cost  of  these  defence  works  was  something 
under  Rs.  4,000. 

The  result  of  this  working  proved,  that  however  erratic  and  treacher- 
ous the  Indus  is,  it  obeys  certain  laws.  That  the  concave  and  convex  arcs 
formed  by  the  main  stream,  altered  very  considerably  before,  and  after 
and  during  a  flood.  The  sharpest  curve  hnoum  (in  the  impelled  and  re- 
pelled angle)  is  15^,  but  the  velocity  will  not  exceed  1*78  feet  per  second, 
and  this  angle  will  become  greater,  in  due  ratio,  as  the  velocity  increases. 
The  greater  the  velocity,  the  less  the  contortions.  The  Indus  in  flood 
being  1*00  in  length,  the  winter  channel  will  be  1*657,  or  0-657  longer. 
This  is  the  average,  over  the  reach,  under  notice,  and  the  average  fall  per 
mile,  is  0*87  of  a  foot.  (I  confine  these  remarks  to  the  sandy  nature  of  the 
bed  and  banks  of  the  Indus).  Therefore,  as  in  Plate  XLIII.,  when  thecor- 
rent  is  as  J,  A,  B,  and  the  stream  can  be  forced  or  encouraged  as  in  this  case 
to  the  point  0,  which  formed  an  angle  of  88^,  the  velocity  at  the  time  being 
2'45  feet  per  second,  and  the  impelled  and  repelled  angle  at  AB,  being  80^, 
the  current  was  compelled  to  take  a  different  course  on  the  velocity  increts- 
ing  to  8*18  feet  per  second,  as  shown  by  the  alignment  of  the  current  b\  V, 
b\  AB  being  held,  and  the  bay  not  increasing  in  any  way,  it  soon  silted 
up.  The  angle  at  G  became  greater  each  day  as  the  velocity  increased, 
until  it  formed  the  easy  curve  from  concave  to  convex  as  in  Plate  XLlV., 
when  12  feet  per  second  was  recorded.  The  Indus  was  calculated  at 
52,000  cubic  feet  per  second  discharge  in  May,  and  by  June,  a  month 
later,  when  we  had  straightened  the  river  and  made  all  safe,  the  discharge 
was  calculated  at  aboat  3,37,000  cubic  feet  per  second.  In  Plate  XLIII., 
the  fall  from  0  to  A  was  nearly  a  foot  in  May ;  and  in  June,  the  fall 
from  D  to  B  was  not  more,  with  a  greater  discharge.    Those  great  mas- 
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ten  in  hjdraolicSy  Friri  and  Qaglielminiy  in  speaking  of  riTen  acting  thna, 
say  ma  to  their  remaining  permanent  "  If  they  carry  snbetancee  homo- 
'^geneonSi  snch  as  sands:  if  there  be  sufficient /z//  and  strength  (of  yelo- 
''  city  to  carry  the  silt  and  sands)  on  to  their  utmost  limits;  and  further 
''  if  the  whole  (alignment)  can  be  enclosed  in  the  plane  of  the  conntryi 
''the  snccess  of  the  undertaking  will  be  snre/'  Showing  that  once  the 
Indus  is  tolerably  straight,  it  could  be  kept  so,  by  means  of  dredging, 
and  defence  and  training  works,  such  as  I  hare  described.* 

G.  W.  V. 


*  8t€  '*  Profeaional  Papers  on  Indian  Bnglneorlng/'  No.  CZXIX.,  on  "  Rirar-Training  of  tho  i 

lodns, "  by  the  lama  aathor,  for  sobMqnsnt  seaaon's  ^^orkinf^,  for  the  raoooM  of  wbleh«  Uemn.  iTont  ' 

•ad  Yjm  racolTed  the  thanke  of  the  Joint  Secretary  to  Qovernment,  Panjab,  P.  W.  D.,  Irrigation 
Bmncb. 
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No.  CCXLIII. 


KANKAR  LIMES  AND  CEMENTS,  BARI  DOAB  CANAL. 

IVide  Plate  XLV.] 
(Sbcond  Papbb). 


By  a.  Nibllt,  Esq.,  Assist.  Engineer. 


DaUd  Gurdatpwr,  20ak  April,  1877. 

Thb  knowledge  of  the  quantity  of  water  which,  mixed  with  cements  or 
limes,  imparts  to  them  the  greatest  tenacity,  being  a  very  desirable  datara 
not  to  be  fonnd  in  books,  experiments  have  been  made  which  have  giren 
the  following  results :— ^ 

Tablb  I. 


MatttialB  uwd 


Penentage  of  Water 
employed 


Age  of  Spe- 
dment 


Mem  Tenaite  Strtngth 


1.  Eankar  from  Batala, 
no  more  cleaned 
than  the  kankar 
used  for  road-mak- 
ing generally  is ; 
bamt  with  wood ; 
cement  gronnd  and 
rifted  tl^ongh  sieve 
1,600  meshes  to  the 
inch,  • 


2.    Materiala  as  abore, 


• . 


8.    Materials  as  abore, . . 

4.  Materials  as  aboye, 
with  this  difference 
that  the  kankar  was 
thorooghly  washed, 


25  per  oent  of 
>•    weight  of  ce- 
ment, 


7  days 
1  month 
30  months 


,&c.,  j 


80  per  cent 


85  per  cent,  &C., 


25  percent,  &c 


1 1  lbs.  per  sqnare  inch 
40 
114 


n 


1 


o 


7  days 
1  month 

20  months 
7  dajs 
1  month 

20  months 

7  days 
1  month 
20  months 


9 
59 

187 
10 
50 

129 

9 
46 

27 


n 

n 
n 
n 

» 
n 

9$ 


M 

n 

19 

19 

w 

n 
n 


G 
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From  the  preceding  table  it  may  be  inferred—- 

lit.  That  if  we  neglect  the  reenlts  obtained  after  seren  days,  the 
other  resnlta  show  that  the  best  proportion  of  water  lies  between  30  and 
35  per  cent,  so  if  we  adopt  83  per  cent.,  or  one-third  of  the  weight  of  the 
cement  as  the  best,  we  shall  have  a  fraction  easy  to  remember,  and  which 
will  be  near  enough  the  very  best  proportion  of  water.  The  greater  po- 
rosity and  oonseqnenUy  the  lower  straigth  of  the  specimens  with  85  per 
cent,  water  supports  the  above  inference. 

2nd,  That  when  the  kankar  is  washed  as  in  resalts  No.  4,  the  cement 
deteriorates  after  some  time.  This  was  a  very  unexpected  result,  still  it 
mdst  be  inferred  from  it  thai  much  cleaning  of  the  day  which  surrounds 
the  kankar  is  unadvisable. 

The  same  kind  of  experiments  were  repeated  on  8ttmB-lim«  and  surkhl, 
and  the  results  were-^ 

Tablb  II. 


MaterUlB  need 


Peroeirtag«  of  Wfttar 
employed 


i 


1.  Oae-^by  measore  o 
fresh  stone  lime 
from  Dhomigoo 
hills  ;  two— frasfa 
siirkhi  made  with 
nnder-bnmt  stock 
bricks  which  had 
been  in  stock  for 
f onr  jears.  Mate- 
rials gronnd  and 
sifted  £rongh  sieye 
1,600  meshes  to  the 
square  inch,        . . 

Z    Materials  as  above,  •  • 


B.    Materials  as  above,  • . 


I 


4.    Materials  as  above, . . 


25  per  cent  of 
weight  o  f 
lime  &  sikr- 
khf  mixed,.. 


80  percent.,  &C., 


85  percent 


40percent 


I 

,&c.,j 
.,&c.,< 


Ago  of  flpe> 
cImenB 


Hean  Tenaile  Strength 


7  days 
1  month 
20  months 


7  days 
1  month 
20  months 

7  dajrs 
1  month 
20  months 

7  days 
1  month 
20  months 


29  lbs.  per  square  inch, 

46        ^ 

11' 


»> 


l> 


t» 


20 
62 

All  specimens  destroy- 
ed. 

24  lbs.  per  square  inch, 
51 

All  specimens  destroy- 
ed. 

23  lb&  per  square  Inch, 

All  specimens  destroy- 
ed. 


■si 


4 
4 
6 


4 
4 


4 
4 


4 
4 
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The  examination  of  the  tensile  strengths  after  one  month,  giyen  in 
the  preceding  table,  suggests  also  that  the  tenacity  declines  after  about 
83  per  cent,  water ;  bat  leaving  aside  for  a  moment  the  question  of  the  best 
proportion  of  water,  it  shows  a  most  important  fact  that  the  first  speci- 
mens, the  only  ones  which  could  be  preserred,  had  almost  completely  lost 
their  strength  after  20  months.  This  fact  corroborates  not  only  the  warn- 
ings of  M.  Dejoux  against  stone4ime  and  stirkhl,  but  also  the  experience 
acquired  by  the  undersigned,  who  has  often  remarked  that  eyery  kind  of 
specimens  made  with  these  materials,  lost  their  tensile  strength  in  atmos- 
phere without  losing  their  good  appearance  externally. 

As  the  question  of  stono-lime  and  under-burnt  sfirkhi  is  one  which 
cannot  be  decided  ?rithout  most  weighty  eyidenoe,  because  siirkhl  made 
with  under-burnt  bricks  is,  when  mixed  with  lime,  the  cementing  material 
believed  in  by  many  throughout  India,  numerous  spedmens  bare  been 
made  again,  which  will  be  submitted  to  higher  authority,  and  tried  ererj 
year  and  in  erery  way. 

In  the  meantime,  Engineers  who  are  going  to  use  the  mixture  for 
important  works  not  in  water,  are  warned  that  they  run  some  risk. 
"  Not  in  water  *'  is  said  advisedly,  because  there  is  no  evidence  yet 
that  the  weakening  does  not  begin  with  the  drying  of  spedmena  ex-  I 

posed  to  air ;  but  although  the  writer  has  no  such  evidence,  it  is  his 
opinion  that  the  weakening  takes  place  in  water  as  well  as  out  of  it, 
because  such  loss  of  tenacity  is  due  to  the  chemical  action  of  salts  present, 
either  in  the  clay  which  was  burnt  for  sfirkhi,  or  in  the  water  which 
was  employed  for  making  the  masonry,  or  in  the  water  in  which  the 
masonry  is  laid. 

This  subject  will  be  taken  up  again  further  on,  but  it  may  be  as 
well  to  state  now  that  the  specimens  mentioned  in  Table  II.  were  made 
and  treated  in  exactly  the  same  manner  as  the  specimens  of  kankar 
cement  in  Table  L,  and  had  been  kept  like  them  in  the  same  place  in  the 
godown  devoted  to  experiments,  where  they  had  been  out  of  water  for 
about  seven  or  eight  months. 

Further  experiments  on  the  best  proportion  of  water  were  made  with 
stone-lime  and  stirkhf ,  both  about  four  years  old,  and  they  gave  the  follow- 
ing results :— 
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Table  III. 


IbtarliJt  iiaed 


PtfoenUge  of  Water 
employed 


Age  of  Spe* 
cimens 


1.  One,  by  measnre  stone- 

lime  to  one  Biirkhi, 
both  from  old  stock, 
cleaned,  g^roand,  and 
sifted  throQgh  sieve, 
1,600  meshes  to  the 
sqaare  inch, 

2.  Materials  as  above,.. 

3.  Materials  as  above,. . 


^ 


I  35  per  cent  of  { 
!  weightof  lime  J 
^  and  sarkhi  1 
mixed, 


45  per  cent,  &c,  | 
50  per  cent,  &a,  | 


1  month 
19  months 


1  month 
1 9  months 

I  month 
19  months 


Mem  Teneile  Stawigth 


No.  of 

Sped* 

mene 

bro> 

keo 


28  lbs.  per  square  inch, 

^7  M  n 


28 

19 
14 
12 


ft 


M 
99 


4 
5 


4 
2 

4 
1 


More  water  than  in  the  preceding  experiments  was  used  with  these 
materials,  on  accouDt  of  the  age  of  the  lime.  Owing  to  the  weakness  of 
the  specimens,  very  few  could  be  preserved  for  experiments,  and  the  num- 
bers which  remained  are  not  sufficient  to  establish  means.  No  inference 
will  therefore  be  drawn  from  this  table,  except  that  the  deterioration  of 
the  specimens  seemed  to  be  less  active  than  in  the  case  of  specimens  from 
Table  II.  This  is  due  to  a  much  smaller  proportion  of  pila  siirkhi  having 
been  adopted. 

The  last  facts  to  be  adduced  in  favour  of  the  so-called  "  dry  process  **  of 
manufacturing  concrete,  are  the  results  contained  in  the  following  table :— • 

Table  IV. 


SfAterUIs  need 


Peroentege  of  Water 
employed 


Age  of  Spe- 
drneiis 


Mean  Tensile  Strmgth 


No.  of 
Spool- 
mene 
bro- 
ken 


1.  Kankar  from  Batala 

bomt  with  fipla, 
cement  ground  and 
sifted  tbroogh  sieve 
8,600  meshes  to  the 
inch, 

2.  Materials  as  above, — 

the  specimens  were 
made  with  the  ce 
ment  need  for  mak 
ing  the   blocks  at 
Dharwal,  * 

3.  Materials  as  above, — 

specimens  made 
with  cement  used 
for  making  blocks 
at  Kallair, 


25  per  cent,  of  ) 
weight  of  oe-  > 
ment,  ) 


1  month 
6  months 
1  year 


80  per  cent,  &c., 


30  percent,  &c., 


3  years 


61  lbs.  per  square  inch, 

75 

82 


99 
ft 


n 
11 


218 


» 


» 


5 
5 
6 


10 


2 


M 


265 


f> 
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The  results  two  and  three  giyen  above,  show  tensile  strengths  greatly 
superior  to  that  given  for  Roman  Cement  in  Molesworth's  Pocket  Book, 
17th  Edition,  namely  185  ibs.  per  square  inch.  This,  it  ib  hoped,  will 
convince  every  one  that  in  point  of  tenacity,  the  classification  of  the  so- 
called  kankar  lime  from  Batala  among  the  Homan  Cements  was  not 
misleading.  (See  Mr.  Higham's  report,  paragraphs  4  and  12  of  No. 
CCXXV.,  2nd  Series). 

In  conclusion  of  the  subject  which  is  the  best  proportion  of  water  for 
cements,  it  will  be  said  that  Colonel  H.  A.  Brownlow,  R.E.,  in  his  report 
No.  21001,  dated  7th  August,  1875,  to  the  Joint  Secretary  to  Punjab 
Government,  Irrigation  Branch,  reviewing  Mr.  Higham's  summary  of  the 
writer's  reports,  states,  paragraph  4,  that ''  the  relative  tenacities  of  con- 
crete prepared  under  the  wet  and  dry  processes  have  yet  to  be  tested,  and 
any  marked  superiority  in  this  respect  would  weigh  very  heavily  in  favour 
of  the  stronger.  As  the  quantity  of  water  used  for  the  dry  process  is,  as 
stated  in  previous  reports,  from  25  to  35  per  cent,  according  to  the  dry- 
ness of  atmosphere,  whereas  the  wet  process  employs  from  40  to  50  per 
cent.,  it  may  be  said  that  the  first  named  process  embraces  in  its  propor- 
tions the  one  of  S3  per  cent,  which  has  been  proposed  in  the  preceding 
pages.  It  must  be  remarked,  however,  that  the  wet  process  has  been 
applied  by  Mr.  Higham  to  burnt  kankars,  which  are  thought  by  the  writer 
to  be  richer  in  lime  than  the  kankar  from  the  Batala  deposits,  perhaps 
rich  enough  for  being  classed  among  the  intermediate  limes.  If  such  is 
the  case,  (and  the  writer  hopes  that  he  may  one  day  be  given  an  occasion 
of  ascertaining  it,)  a  much  greater  proportion  of  water  would  probably  be 
necessary  for  developing  the  full  strength  of  the  lime. 

One  important  datum  elicited  during  the  experiments  is,  that  kankar- 
cement  loses  nearly  one«third  of  its  bulk  by  being  mixed  with  a  quantity 
of  water  equal  to  about  one-third  its  weight. 

It  might  be  said  that  the  above  experiments  have  not  been  carried  out 
with  sufficient  minuteness,  and  that  exact  science  has  not  been  much  bene- 
fitted by  them :  this  is  admitted,  but  the  writer  of  this  paper  has  neither 
the  time  nor  the  means  of  working  for  exact  science.  He  could  do  no 
more  than  begin  to  rescue  a  complicated*  question  from  the  sea  of  chaotic 
ideas  in  which  it  is  plunged,  and  giving  to  his  younger  colleagues  a  sim- 
ple and  practical  rule  sufficiently  exact  when  applied  to  the  materiab 
experimented  upon,  or  to  their  equivalents. 
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Coming  back  now  to  the  sabject  of  lime  and  sfirkU,  we  eee,  by  referring 
to  the  2nd  Edition  of  the  "Roorkee  Treatise/'  that  it  bases  the  informa- 
tions giren  abont  stirkhl  on  the  experiments  of  General  Trenssart,  and 
says,  page  9d|  paragraph  96 — "  It  is  only  by  experiment  that  it  can  be 
determined  what  bricks  make  the  beat  sdrkhi  or  pnsssolanas ;  for,  as  has 
been  shown,  an  nnder-bnmt  or  plla  brick  famishes  the  best  if  it  contains 
a  certain  proportion  of  lime,  while  the  brick  should  be  thoroughly  burnt 
or  pucka  if  it  contains  no  lime.'' 

This  advice  would  be  perhaps  excellent  if  we  knew  what  the  French 
General  meant  exactly  by  under-burnt  clay  or  brick ;  the  term  is  vague 
as  far  as  we  are  concerned.  For  instance,  we  hare  three  Tarieties  of  well- 
bumt  bricks,  the  tenacities  of  which  are  different;  fastidious  masons  might 
look  upon  the  two  best  varieties  only  as  well-burnt,  and  the  inferior  in 
strength  as  under-burnt.  This  is  only  an  illustration,  but  it  shows  how 
necessary  it  is  to  be  fixed  on  the  value  of  a  term. 

The  ad?ice  of  the  *'  Roorkee  Treatise"  is  completed  by  a  warning  which 
is  to  be  found  at  the  end  of  the  paragraph  preceding  the  above-mentioned 
one ;  it  says,  that  ''  the  practical  deduction  to  be  drawn  from  some  great 
accidents  in  France,  is  never  to  employ  artificial  puzzolanas  for  any  works 
of  importance  where  water  charged  with  salt  is  likely  to  effect  them." 
This  warning  seems  to  have  been  extracted  from  Qeorge  B.  Bumell's- 
Elementary  Treatise  on  Limes,  Cements,  Mortars,  &c.,  '*  who  adds — *'  It 
also  shows  how  much  care  should  be  taken  before  employing  new  com- 
pounds in  works  of  importance,  for  we  see  that  in  these  cases  no  symptom 
of  decay  manifested  itself  during  the  first  three  or  four  years.  Such  want 
of  precaution  is  the  more  culpable  in  England  (let  us  add  in  India  also) 
where  we  possess  natural  cements  of  such  undoubted  excellence,  and  where 
it  would  be  so  easy  to  procure  the  best  hydraulic  limes. "  "  Of  such  un- 
doubted excellence "  is  not  yet  the  true  expression  for  India,  but  the 
writer  has  no  doubt  that  a  few  years  more  will  place  this  fact  beyond 

doubt. 

As  a  case  in  point,  showing  the  necessity  of  great  caution,  is  the  failure 
of  all  the  specimens  made  here  with  stone-lime  and  stirkhl.  The  bricks 
made  in  this  district  generally  contain  a  good  percentage  of  lime,  because 
the  brick  makers  prefer  the  clays  containing  a  small  proportion  of  little 
bits  of  kankar,  and  specks  of  lime  are  generally  to  be  found  in  fractured 
bricks ;  our  under-burnt  s6rkhi  made  from  these  bricks  should  therefore 
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be  excellent;  still  all  kinds  of  specimens  made  with  it  for  the  last  six  years 
bare  lost  their  tenacity,  although  they  were  made  with  good  drinking 
water  from  a  well,  and  were  deposited  for  some  time  either  in  that  well 
water  or  in  canal  water.  Specimens  made  nnder  the  same  conditions 
with  kankar-cement  alone  or  kankar-cement  and  rirer  sand,  are  all  sonnd 
and  strong. 

The  morale  of  the  abore  is,  that  on  works  where  limestone  and  clay 
only  can  be  procured,  only  the  mixtures  of  stone-lime  and  siirkhi  which 
haye  been  tried  during  a  sequence  of  years,  or  artificial  hydraulic  limes, 
should  be  trusted.  The  waters  which  are  to  be  used  for  mortar,  the 
water  in  which  the  work  is  to  be  laid,  and  the  days  should  be  tested  also, 
and  the  presence  or  absence  of  salts  likely  to  affect  the  mixture  ascertained. 

Experiments  on  Concrete. 

Trial  of  specimens  gave  the  following  results  : — 

Table  V. 


MiltarUlf  «mplojed 


Peroentage  of  Water 
need 


Air«  of 
SpoclmenB 


Mean  Tencile  Stxvogth 


1 


Two,  by  measure  of  kankar- 
cement  bnmt  with  iipla, 
and  three  raw  kankar  from 
Batala  washed, 


Materials  as  abore, 


•  • 


80  per  cent,  of  j 
weight  of  > 
mixture,       I 


•  • 


80  days, 


2  years, 


60  lbs.  per  square 
indi, 


157     „ 


Table  IV.  showing  the  strength  of  neat  cement  after  two  years  to  be 
from  218  to  265  lbs.  per  square  inch,  it  follows  from  the  comparison  of 
these  tensile  strengths  to  that  of  concrete  after  two  years,  that  the  raw 
kankar  enclosed  by  the  cement  is  a  source  of  weakness  to  it  This  settles 
the  question  once— Which  is  the  best  proportion  of  cement  for  concrete 
made  with  the  aboye  materials  ?  As  far  as  they  are  concerned,  tiie  an- 
swer to  this  question  is  obriously — ^The  more  kankar-cement  the  better  for 
the  concrete. 

If  instead  of  kankar  for  ballast  we  nse  a  more  tenaoioua  material  oon- 
junctively  with  kankar-cement,  the  question  of  what  proportion  is  the  best 
will  be  answered  by  the  well  known  experiment  of  filling  one  measure 
with  the  ballast  thoroughly  soaked  with  water  and  thoroughly  shaken 


KAMKAR   LIUE8   AND   OKNEMTS,   BARI    DOAB   CANAL.  885 

down,  and  then  finding  with  the  help  of  water,  the  cubic  contents  of 
empty  spaces  between  the  pieces  composing  the  ballast.  If  those  pieces 
are  broken  in  sach  a  way  that  besides  being  held  together  by  the  cement 
they  have  a  chance  of  forming  a  bond,  the  concrete  will  be  nearly  as  tena- 
cious as  the  nnbroken  material. 
The  tenacity  of  red  bricks  on  the  Bari  Doab  Canal  runs  as  follows  : — 

Ifeui  of  6  brldn  in  Mcb  cbm. 

1 .  Tensile  strength  of  weU-bnxnt  bricks  (coloar — dark-red)=l  980)8.  per  square  inch . 

2.  „  „  over-burnt     „    (    „         purple   )=  244       „        „       „ 
a         „           „  kinghar         „    (    „      dark  gre7)=  827       „        „        „ 

From  which  it  may  be  concluded  that  red  bricks  are  inferior  in  tenacity 
to  kankar-cement  after  two  years,  that  purple  bricks  are  about  equal  to  it 
after  the  same  lapse  of  time,  and  kinghar  bricks  superior  to  it  under  the 
same  condition  of  time,  but  probably  only  equal  to  the  cement  when  it  has 
attained  its  ultimate  induration* 

The  manufacture  of  several  thousand  cubic  feet  of  concrete  in  situ,  gave 
the  following  results  in  labour  per  100  cubic  feet  concrete  :— 

6  Ramming  coolies,  at  8  annas  each, = 

8  Mixers,  at  2  annas  6  pie  each, = 

2*5  Carriers  of  mixed  stuff,  at  2  annas  6  pie  each,  = 
2  Carriers  of  dry  materials  with  a  lead  of  100  feet, 

at  2  annas  6  pie  each, ••        ...  = 

I  Mason  for  levelling  the  layers  before  ramming, 

at  8  annas  each,...        ...        ...        ...        .••  = 

1  Bhisti,  at  8  annas,           •••        ••.  = 

1  Mate,  at  S  annas,  •••        *.»        ...        *••        ...  = 

Total  labour  for  making  100  cubic  feet  concrete,...    =    2  18    9 

This  of  course  does  not  include  the  labour  for  encasing  the  walls,  which 
may  be  done  in  a  variety  of  ways. 

Other  details  of  manufacture  were  as  follows: — ^The  rammers  weighed 
16  fts. ;  the  layers,  before  ramming,  were  from  4  to  4*5  inches  thick ;  the 
cement  was  burnt  kankar  from  Batala ;  the  ballast  was  over-bumt  and 
kinghar  bricks  broken  in  pieces  from  1  inch  to  2  inches  in  the  longest 
axis,  to  which  was  added  the  small  pieces  of  burnt  cement  which  the  men 
pounding  the  cement  with  mallets  could  not  break. 

The  proportion  of  cement  io  ballast  was  one  to  two ;  the  amount  of 
water  used  was  about  27  lbs.  per  cubic  foot  or  per  mannd  of  cement. 
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When  the  ballast  is,  as  described  above,  165  cable  feet  materials  t.  e.,  55 
cable  feet  cement  and  110  cable  feet  ballast,  are  required  for  making  100 
cable  feet  concrete. 

Manufacture  of  Natural  Cement. 

A  large  qaantity  of  kankar-cement  was  manufactured  in  the  following 
manner : — 

Firsts  with  the  common  native  dpla  kilns,  In  which  a  good  disposition 
of  the  layers  appeared  to  be  for  1,000  cubic  feet  kankar  as  shown  in  the 
rough  sketch,  see  Fig,  1,  Plate  XLV. 

The  loading,  burning,  and  picking  out  the  well-burnt  kankar  from  the 
ashes  took  about  nine  days,  at  the  following  cost  for  labour : — 

Loading  the  kiln  and  plastering  the  ontside,  •  •  @  12  as.  per  100  cable  feet  raw  kanktr. 
Firing  and  watching  fire,  .  •  • .  @   1      „  „  ,,  ^ 

Picking  ont  the  well-bnmt  kankar,  •.  @18      „  „  „  „ 

Total  cost  of  labour  per  100  cubic 
feet  raw  kankar,   •  •  •  •  =  Rs.  I-IO 

These  rates  are  the  lowest  ever  obtained  by  the  writer.  The  petty 
contractors,  unwilling  at  first  to  accept  them,  took  them  at  last  readily 
enough. 

Second^  with  wood  and  6pla  cakes  laid  in  the  intervals  between  the 
pieces.  Mr.  Higham,  in  his  review  of  the  writer's  reports,  says,  para- 
graph 14,  that ''  the  method  and  cost  of  burning  kankar  by  wood  fuel  has 
hardly  been  noticed  by  Mr.  Nielly."  The  reason  why  such  burning  was 
not  noticed  was  the  want  of  a  proper  occasion  for  burning  kankar  with 
wood.  8uch  oooasion  was  furnished  by  the  stock  of  tipla  cakes  in  the 
neighbourhood  of  the  kilns,  within  a  circle  of  1 0  or  12  miles  having  been 
soon  exhausted,  it  became  therefore  necessary  to  use  wood  from  the  canal 
forests,  notwithstanding  the  inexperience  of  the  writer  and  of  the  natire 
subordinates  under  him,  in  using  wood  for  burning  kankar. 

Woods  of  several  kinds  were  then  employed  in  pieces  5  or  6  feet  in 
length,  and  of  breadth  not  greater  than  6  or  7  inches.  Bigger  logs  were 
split  in  two  or  four  pieces  according  to  the  size  of  the  tree.  In  the  in- 
tervals between  the  pieces  of  wood,  cakes  of  tipla  were  laid  to  help  the 
wood  in  taking  fire  and  burning  slowly.  A  good  disposition  of  layers  in 
kilns  was  found  to  be  as  shown  in  the  sketeh,  vide  Fig,  2,  Plate  XLV. 

The  quanty  of  fuel  used  was,  per  klhi,  485  maunds  wood,  and  also  386 
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cabio  feet  i&pla,  so  as  to  make  about  50  mannda  of  fuel  per  100  cobic  feet 
kankar.     Upla  weighs  aboat  20  maands  per  100  cubic  feet. 

The  weighing  of  wood,  loading  kiln,  burning  and  picking  out  tlie  well- 
burnt  kankar,  took  about  15  days,  all  the  fuel  being  thoroughly  dry  as  it 
ought  to  be.  A  peculiar  feature  of  these  kilns  is,  that  the  wood  must  be 
first  of  all  converted  into  charcoal,  and  slowly  burnt  as  such;  so  any 
tendency  of  the  wood  to  burst  into  flames  must  be  well  checked,  and  the 
free  entrance  of  air  in  the  kiln  prerented  by  plastering.    The  cost  of  labour 


Loading  and  plsstering  the  oatBide,  •  •  ®  12  as.  per  100  cabio  feet  raw  kankar. 
Firing  and  watching  fires,       .•        ••  @    1      m  n  n  n 

Picking  oat  the  well-burnt  kankar,    ••  ®  11      „  „  „  „ 

Total  cost  of  laboar  per  100  cubic 
feet  raw  kankar,  =  Rs.  l-8«6 

The  percentage  of  under-burnt  is  variable  and  generally  large,  owing  to 
the  want  of  homogeneousness  in  the  raw  material. 

The  denomination  of  kankar-cements  adopted  in  this,  and  in  preyioos 
reports  for  the  Batala,  and  several  other  burnt  kankars,  has  been  objected 
to,  and  the  authority  of  Rankine  is  brought  forward  in  support  of  that 
objection.  The  "  revised  fifth  edition  *'  of  Hankine's  Manual  of  Civil 
Engineering  has  been  consulted,  and  the  quotations  brought  forward  in 
favour  of  the  objection  must  have  been  omitted  in  the  above-mentioned  edi- 
tion, as  they  could  not  be  found  in  it.*  What  was  found  was,  at  page  869, 
the  following  definitions  of  cements :  *'  Cements  produced  from  stones 
containing  from  40  to  60  per  cent,  of  silicates,  which  do  not  slake,  and 
which  harden  quickly  under  water."  Our  so-called  kankar-lime  corres- 
pond exactly  to  the  above  definition,  as  it  may  be  seen  by  referring  to  the 
analyses  by  Mohr's  process  in  one  of  undersigned's  previous  reports ;  the 
Batala  kankar-cement  does  not  slake,  and  the  setting  activity  of  this 
cement  is  so  great,  that  it  begins  immediately  after  mixing  it  with  water, 
80  the  mason  who  uses  it,  and  to  whom  it  is  served  ground  dry,  must  be 
carefully  warned  not  to  mix  with  water  more  than  he  can  lay  at  once  in 
the  work.  This  is  precisely  the  reason  why  the  term  cement  is  agiun 
advocated,  because  the  writer  wants  by  teaching  a  new  and  correct  term 
to  the  native  mason,  teach  bun  at  the  same  time  a  new  and  correct  way 

*  The  quotation  Klatire  to  the  praotleal  test  was  f onnd  aftorwudB.  It  may  be  answered  to  it 
that  if  Rankine  had  known  the  extremely  elmplo  means  of  analyzing  and  classi^rlDg  proposed  in 
these  pages,  he  would  not  have  recommended  snoh  nnsate  gnidea  as  finger  tests  to  soientiflo  men. 
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of  tieaiing  the  cementing  nutteruJ  to.  which  the  tenn  is  ippliedy  Bad  im- 
press upon  his  mind  that  this  kind  of  chdna  called  eementy  loses  its  Taloe 
if  allowed  to  harden  eyen  for  ten  minutes  in  his  mortar  box  before  it  is 
laid  in  the  work. 

As  stated  in  a  prerioas  paper,  it  is  admitted,  however,  that  many  burnt 
kankais  may  be  classified  among  the  hydranlie  limes  and  treated  as  sadi, 
bat  many  also  of  the  burnt  kankars  are  quick-setting  natural  cements  of 
more  or  less  ultimate  strength ;  and  it  will  be  a  great  gain  to  call  them 
60,  because  the  mode  of  mixing  them  with  water  on  the  works  is  different 
from  the  mode  adopted  for  hydraulic  limes. 

Experiments  on  Artificial  Hydraulic  Limes. 

Experiments  on  these  limes  were  undertaken  with  the  riew  of  restoring 
cementing  strength  to  a  large  stock  of  old  lime  and  old  under-burnt  s6rkhi, 
the  actual  tensile  strengths  of  which  are  giren  in  Table  III.  Sample 
cakes  were  manufactured  with  the  materials  well  ground  and  sifted  through 
siere  3,600  meshes  to  the  inch,  and  in  the  following  proportions : — 
First — 1  part  in  bulk  of  stone-lime  to  1  of  s&rkhf. 
Second — 2         „  „  „        to  8 

Third— I         „  „  „         to  2 

Fourth^l         „  »,  »         to  4  „       for  puMolana. 

The  aboTe  specimens  were  burnt  in  a  flame  kiln  fed  with  wood,  and 
produced  in  each  case  three  kinds  of  burnt  cakes,  namely : — 
One  under-burnt  kind  of  a  light  pink  colour. 
One  well-burnt  of  a  light  straw  colour. 
One  OYer-bnmt  of  a  grey  colour. 
The  under-burnt  and  over-burnt  were  tried  and  gave  bad  results.' 
The  results  given  by  the  well-burnt  samples  are  — 
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If  the  second  resalt  of  this  table  is  compared  to  the  first  result  in  Ta- 
ble III.,  it  will  be  seen  that  re-baming  has  imparted  to  the  mixture  of 
old  stone-lime  and  pila  stirkhf  a  strength  more  than  double  the  strength 
gi?en  in  Table  III.,  result  first,  and  has  probably  imparted  to  it  a  chance 
of  longevity.  The  hydraalic  activity  and  the  rapidity  of  induration  of 
these  samples  being  slow,  their  tenacity  was  not  tried  for  several  months. 
As  the  cost  of  manufactaring  artificial  hydraulic  limes,  without  mechani- 
cal power  for  grinding  and  sifting  the  materials,  is  very  great,  it  has  been 
proved  in  a  previous  report,  that  it  would  be  advantageous  in  a  pecuniary 
point  of  view,  to  sell  the  old  materials,  and  use  kankar-cement  on  the  Bari 
Doab  Canal,  as  long  as  our  fast-diminishing  mineral  wealth  in  kankar 
has  not  been  exhausted  by  road-making. 

A.N. 
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No.  CCXLIV, 

NOTE  ON  PLANTING  AND  TENDING  TREES  IN  ROAD 
AVENUES  AND  TOPES  IN  INDIA. 


By  E.  a.  Pamick,  Esq.,  C.E.,  F.G.S. 


Thb  primary  object  in  planting  trees  along  roads  is  to  break  their  mono- 
tony, and  to  afford  shelter  to  wayfarers,  but  there  are  other  constden- 
tions,  which,  owing  to  the  absence  of  well  established  data,  are  hardly 
worth  recording ;  for  instance,  trees  are  stated  to  prevent  accnmalatioDi 
of  sand  and  dust  on  the  road  surface,  and  to  benefit  metalled  roads  by 
protecting  them  from  the  deteriorating  effects  of  extreme  solar  heat,  &e. 
On  most  fair-weather  roads,  trees  could  with  advantage  be  so  planted  as 
to  indicate  their  boundaries,  and  road  avenues  generally  might  in  a  great 
measure  be  rendered  self-supporting  by  a  judicious  selection  of  yalnable 
fruit  trees,  the  produce  of  which  might  be  farmed  out  on  the  double  con- 
dition of  payment  and  tending,  thus  securing  a  fixed  annual  revenue,  and 
a  considerable  saving  in  establishment. 

It  is  an  open  question  whether  avenues  or  topes  are  the  more  suitable. 
For  the  former,  though  yielding  continuous  shade  and  relief  to  the  eye, 
are  more  expensive  and  difficult  to  tend,  while  the  latter,  placed  usually 
at  every  third  mile,  fail  to  divest  intermediate  lengths  of  road  of  a  barren 
and  uninviting  appearance,  though  they  involve  less  outlay  in  both  plant- 
ing and  maintenance,  and  afford  more  substantial  inmiunity  from  the 
sun's  rays,  owing  to  their  greater  density. 

Perhaps  the  best  solution  of  this  difficulty,  where  land  is  not  yalnable, 
would  be  to  adopt  both  avenues  and  topes ;  each  of  the  latter  three  acres 
in  area,  occurring  at  intervals  of  five  miles,  could  also  be  used  as  nurseries, 
and  should  be  provided  with  one  or  more  wells  or  tanks,  for  the  doable 
purpose  of  supplying  nourishment  to  young  seedlings,  and  drinking  water 
to  travellers ;  the  former  might  consist  of  trees  planted  20  feet  apart  on 
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both  tides  of  the  ro«d  along  the  centre  of  the  benos  or  cesses.  Where 
land  is  yalaable,  the  area  of  eaoh  tope  might  be  decreased  to  1  acre,  and 
in  most  cities  topes  ironld  hare  to  be  dispensed  with  altogether. 

The  larger  topes  might  hare  the  dimensions  660'  X  198'  =  8  acres, 
and  the  smaller  220'  X  198'  s  1  acre,  the  greater  dimension  in  each 
being  parallel  to  the  road,  and  ont  of  the  lesser  dimension,  48  feet  being 
reserved  at  the  back  for  nurseries :  thns  the  larger  topes  and  nurseries 
would  be  660'  x  150'  and  660'  x  48',  respectiTely,  and  the  smaller  ones 
220'  X  150'  and  220'  X  48',  respectively. 

It  may  not  be  always  advisable  to  place  the  topes  at  uniform  intervals 
of  five  miles,  as  river  or  nullah  crossings,  or  the  presence  of  old  tanks 
or  wells  may  be  found  more  economical  than  any  other  sites,  but  these 
should  be  accepted  after  careful  inquiry,  for  if  the  supply  of  water  is  not 
constant,  nothing  will  be  gained. 

A  tope  is  also  very  acceptable  at  each  bend,  if  it  be  sufficiently  thick  to 
conceal  the  road  beyond  it,  and  trees  might  be  planted  in  such  positions 
without  any  reference  to  the  five  mile  nursery  topes,  and  in  fact  the 
same  procedure  might  be  adopted  at  each  nullah  or  river  crossing,  and  at 
each  old  tank  or  well,  but  in  these  cases,  trees  enough  to  shelter  a  few 
travellers  would  be  sufficient. 

Other  advantages  attending  the  planting  of  topes  and  nurseries  at 
every  five  miles  are — 

1.  Foot  passengers  and  cartQ  in  their  stereotyped  journeys  of  20  miles 
per  diem,  starting  from  one  tope  in  the  morning,  could  rest  under  shelter 
three  times  during  the  day,  and  then  in  the  evening  reach  the  20th  mile 
tope,  where  they  could  put  up  all  night. 

2.  Shops  would  soon  spring  up  dose  to  the  topes,  and  by  thus  mak- 
ing them  more  attractive  and  frequented,  would  materially  aid  the  Police 
in  protecting  travellers,  and  in  fact  would  almost  make  Police  '  surveil- 
lance '  unnecessary,  as  a  large  number  of  wayfarers  collected  on  one  spot 
can  generally  take  care  of  themselves. 

8.  No  better  sites  could  be  found  for  Inspection  Bungalows  and  Police 
Stations. 

4.  Seedlings  from  the  nurseries  would  not  require  to  be  carried  more 
than  2 1  miles,  and  the  road  nursery  and  avenue  establishments  could  at 
a  small  expenditure  be  famished  with  permanent  head-quarters  without 
any  detriment  to  their  efficiency. 

VOL.    IV. — 9E00ND    SERIES.  3  E 


392  NOTX  OH    PLAMTIHO    AXD   TSKDIKO   TRKBF   IN   BOAD   AVXV17X8,   BTC. 

5.  Ready  made  sites  at  eonrenient  distanees  would  be  foimd  for  the 
encampments  of  district  and  other  offieerSy  wMch  is  by  no  means  an 
unimportant  considermtion  in  these  litigioos  times,  when  objections  are  not 
onfreqnentlj  raised  bj  proprietors  to  thdr  t4^>es  being  so  oecnined. 

6.  Very  faTonrable  opportunities  would  be  afforded  for  studying  the 
growth  of  trees  and  other  matters  connected  wi^  arboriculture.  After 
the  sites  of  nurseries  hare  been  fixed,  the  seleeliony  plantings  and  tendiBg 
of  trees  will  require  the  most  anxious  oonsideratioiL 

II.  8KLXCTioH.^Ihe  most  important  points  under  this  heading  are 
the  selection  of— 

1.  Trees  not  easOy  snapped  or  broken  by  high  winds. 

2.  Trees  noted  for  longeyitf  and  maturing  quickly. 

3.  Trees  gracefol  in  foimi  luxuriant  in  foliage,  and  beautiful  in  blos- 
som. 

4.  Trees  retaining  their  foliage  for  a  maximum  period. 

5.  Trees  yielding  either  edible  fruit  or  other  products  valuable  in  the 
arts  and  manufactures. 

6.  Trees  of  sufficient  height  to  cast  their  shadows  on  the  read  during 
the  greater  part  of  the  day. 

7.  Trees  with  no  objection  to  grow  in  any  soil. 

8.  Trees  that  yield  a  minimum  amount  of  litter. 

9.  Trees  not  subject  to  the  depredations  of  either  animal  or  TegetaUe 
parasites. 

1 0.  Trees  least  affected  by  climatic  changes. 

11.  Trees  yidding  good  timber  and  fad — this  condition  is,  howcfer, 
hardly  a  *  wm  $ii4  mm'  in  arenue  trees. 

A  yery  moderate  acquaintance  with  arboriculture  is  sufficient  to  show 
the  hopelessness  of  finding  to  perfection  all  the  abo?e  conditions  in  any 
great  number  of  trees,  and  unfortunately  some  of  the  most  desimbk 
are  the  least  suitaUe;  thus,  the  '  Bukain*  or  Persian  Lilac,  is  a  rapid 
grower,  highly  ornamental,  and  yields  luxuriant  lilao  flowen,  but  it  is 
leafless  for  many  months  each  year,  is  easily  broken  by  high  winds,  and 
furnishes  a  ?eiy  inferior  wood ;  the  <  Amaltas '  with  its  laburnum-like  yel- 
low blossoms  has  few  rivals  in  point  of  beauty,  but  it  u  small  in  stature, 
though  yielding  a  usefial  wood ;  the  '  User '  is  npid  in  growth  and  shady 
when  in  foliage,  but  when  leafless  is  rery  unsightly,  owing  to  its  being 
coTered  with  the  cobweb-like  habitations  of   some  caterpillar,  and  its 
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wood  is  light  and  periflhable ;  the  *  Sirris '  grows  quioUy  and  to  a  great 
height,  yields  handsome  foliage,  sweet  soented  flowers,  and  good  timber, 
bat  its  large  seed-pods  fall  in  thonsands,  and  make  a  road  untidy. 

Dae  r^ard,  however,  being  paid  to  position,  soil,  and  parpose,  enough 
trees  exist  for  all  requirements,  and  the  extreme  beauty  of  eren  some  of 
those  just  named,  may,  under  certain  restrictions,  be  ample  apology  for 
their  admission  into  the  most  select  umbrageous  society. 

In  the  Appendices  will  be  found  detaih  of  trees—- 
I.    Suitable  for  ayenues  only,  whether  in  dties  or  extra-mural. 
IL    Suitable  for  both  ayenues  and  topes. 

III.    Suitable  for  dty  ayenues  only. 

lY.     Unsuitable  for  ayenues. 

The  weeping  willow  has  not  been  entered  in  any  of  the  aboye  lists,  but 
if  planted  along  the  high  water  mark  of  a  riyer,  near  human  habitations, 
it  would  relieye  the  banks  of  their  dull  monotony. 

A  more  general  cultiyation  of  the  bamboo  with  its  luxuriant  foliage  and 
graceful  form  is  recommended,  as  besides  being  a  highly  ornamental  ad- 
dition to  any  ayenue,  it  yields  a  stem  yery  useful  for  roadwork,  if  only 
as  shafts  for  rammers. 

II.  Plahtimo. — Under  this  heading  is  included*- 

1.  Sowing  of  seeds. 

2.  Nurture  of  young  seedlings  in  nurseries. 

3*  Bemoying  seedlings  from  nurseries  and  planting  them  in  their 
.  permanent  positions  at  the  roadside. 
On  many  roads,  nurseries  existing  at  convenient  intervals  have  origin- 
ally been  started  by  either  transplanting  very  young  seedlings  or  by  sow- 
ing, and  the  requirements  of  the  avenues  have  been  met  from  these  plots 
by  removing  young  plants  as  required  at  all  stages  6f  growth,  and  at 
any  time  of  the  year.  As  a  rule  the  plots  are  thickly  sown,  and  the 
young  plants  packed  closely  together,  lead  a  sickly  existencCi  till  roughly 
removed  (without  much  regard  to  broken  foots  or  age)  and  planted  at 
the  roadside  in  high  <^  thallas,*'  where  not  unfrequently  they  wither  away : 
this  fate  is  shared  by  all  but  one  of  the  20  or  30  seedlings  which  replace 
them  in  succession,  and  this  the  last  takes  root  owing  to  the  lucky  chance 
of  having  been  planted  at  a  favourable  time,  and  to  its  being  hardier 
than  its  departed  kin;  but  its  trials  are  by  no  means  over,  for  the  tem* 
perature  of  the  water  allowed  to  collect  and  stagnate  in  its  mud  prison 
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home  *'  thallah/*  is  raiBed  to  almost  boiling  point  bj  the  hot  son  in  Jalj 
and  August,  and  the  plant  dies. 

The  process  of  replacing  just  described  is  again  commenced  and  poasiblj 
repeated  50  times  before  some  exceptionally  fortunate,  but  badlj  sdeeted 
seedling,  escapes  these  trials  of  infancy,  and  erentually  for  six  months 
each  year,  leads  a  leafless  existence;  useless,  hideous,  and  stunted— « 
monument  of  fruitless  expenditure,  neglect,  and  want  of  judgment. 

Most  of  the  above  failures  and  waste  would  be  avoided  by  adopting 
what  may  be  called  the  "  pot-system,"  which  steers  clear  of  the  evOs  at- 
tending transplanting,  and  ensures  to  each  seedling  a  robust  youth  and 
manhood,  by  bestowing  on  its  infancy  the  most  tender  care  and  attention. 

That  sowing  leads  to  better  results  than  transplanting,  is  acknowledged 
by  such  authorities  as  Miller,  Marshall,  Evelyn,  Emmeride,  Speechly, 
Lang  and  Yule,  and  the  relative  advantages  of  the  two  systems  are  thus 
summed  up  by  Dr.  Geo.  Henderson  in  a  tract  entitled,  <<  Arborienltnra 
in  (he  Punjab." 


1. 

8. 
4. 
5. 


6. 


7. 


TraMplanting  system. 

Large  percentage  ultimately 
lost. 

Small  outlay  at  first. 

Ultimate  cost  at  least  eight 
annas  a  tree. 

Large  transplanting  establish- 
ment. 

Transplanting  must  be  slowly 
and  carefully  done,  and  only 
at  certain  seasons. 


Transplanting  checks  growth 
one  season,  which  entails 
one  season  longer  watering 
and  protection. 

Three  years  watering  and  pro- 
tection required. 


1. 

2. 
3. 


Sowing  or  Pot-^stem, 
Few  trees  lost 

Larger  outlay  at  first 
At  most  two  annas. 


4.     Few  extra  men  required. 


6. 


6. 


7. 


8. 


8. 


Transplanting  to  any  distance 
difficult.  Can  only  be  safe- 
ly done  on  "  charpaes." 

The  best  procurable  seeds  having  been  obtained  with  due  r^ard  to  the 


Any  coolies  can  lift  and  losd 
on  a  cart  1,000  a  day,  and 
two  men  can  plant  out  that 
number  at  any  season  with- 
out risk. 

Removal  in  pots  and  planting 
at  the  roadside  does  not 
check  growth. 

Occasional  watering  from  July 
till  September,  and  regular 
watering  only  during  next 
hot  weather.  Protection 
18  months  at  most 

Transport  easy  and  safe  to  any 
distance,  at  any  season. 
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rales  laid  down  nnder  the  beading  '' eelection,"  they  ehonld  be  sown 
in  conoidal  earihen  pots  with  diameters  of  9  and  6  inches  at  top  and  bot- 
tom, respectively,  12  inches  in  height,  and  with  holes  in  their  bottoms,  1 
inch  in  diameter. 

TlvB  pots  shonld  be  first  filled  with  a  layer,  one  inch  deep,  of  broken 
bricks  and  charcoal,  to  secure  good  drainage,  and  oyer  this  should  be 
lightly  laid  the  best  soil  procnrable,  to  a  depth  one  inch  below  the  top  of 
each  pot. 

The  soil  used  should  be  free  from  saline  matter  and  ordnre  of  erery 
description:  loam  containing  75  percent,  of  sand  makes  the  best  pot  soil, 
and  if  this  cannot  be  found,  sand  should  be  added  till  this  percentage  is 
seoared. 

The  pots  being  thus  prepared,  only  10  per  cent,  of  them  should  be 
thickly  sown  with  seeds,  of  which  no  two  sorts  should  be  put  into  the 
same  pot. 

When  the  seedlings  have  got  their  first  pair  of  leares,  and  are  from  1^ 
to  2  inches  high,  they  will  be  ready  for  transplanting  into  the  pots,  in 
which  they  are  to  grow,  in  each  of  which  only  one  healthy  looking  plant 
should  be  set,  the  earth  round  it  being  carefully  pressed  down,  and  water 
being  liberally  supplied. 

The  young  plants  thus  disposed  of  should  be  kept  in  the  shade,  and 
constantly  watered  for  seven  days  at  least,  at  the  end  of  which  time, 
those  presenting  a  healthy  appearance  should  be  placed  out  in  the  open  with 
their  pots  in  plots,  con- 
sisting of  parallel  ridges 
each  1  foot  high,  2  feet 
wide,  and  54^  feet  long, 
placed  6  feet  apart,  with 

transverse  ridges,  1  foot  r-rn-n-n'      "r"n'n'n'r"St 
high  and  9  inches  wide, 
placed  10  feet  apart  at 
right  angles  to  them. 

Each  plot  will  then  be 
82'  X  54^'  with  50  beds,  each  10'  X  6',  in  which  should  be  placed  symmet- 
rically 20  pots,  all  bedded  8  inches  into  the  soil :  hence  each  plot  will  hold 
50  X  20  =  1,000  pots,  and  in  each  nursery  there  may  be  as  many  such 
plots  as  required. 
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The  beds  should  now  be  flooded  twice  a  week,  till  all  the  pots  are 
pletely  submerged,  but  no  water  should  be  let  into  the  beds,  till  after 
4  p.  K.,  when  the  sun  is  going  down,  otherwise  manj  of  the  plants  wUl 
be  killed. 

Neither  rain,  nor  the  water  with  which  the  beds,  haye  been  flooded, 
should  be  allowed  to  remain  in  them,  between  9  a.  m.  and  4  p.  m.,  and 
with  the  yiew  of  securing  the  means  for  speedy  drainage,  bj  a  simple 
breach  in  any  of  the  ridges,  these  should  be  built  wholly  aboTe  the  lerel 
of  the  ground. 

In  cloudy  or  rainy  weather,  a  small  quantity  of  liquid  manure  may, 
when  the  plants  are  fairly  established,  be  sprinkled  on  the  pots  at  the 
time  of  flooding  the  beds. 

No  weeds  should  be  allowed  to  grow  in  the  beds. 

The  young  plants  having  been  thus  carefully  tended  for  six  montks, 
will  be  about  8  feet  high,  and  ready  for  removal  to  the  roadside,  and  to 
receive  them,  holes  8'  X  d'  X  8',  should  be  dug  at  least  three  months  be- 
fore they  are  required,  and  these  holes  should  be  kept  flooded  with  water. 
At  the  time  of  planting,  the  pots  should  be  broken,  and  after  the  young 
trees  have  been  placed  in  the  holes  made  for  them,  saucers  4  feet  in  ^Smr 
meter,  and  8  inches  in  depth,  should  be  formed  round  them,  and  not  the 
ordinary  "  thallas."  Each  saucer,  may  with  advantage  be  enclosed  by  a 
light  frame  of  thorns,  bamboos,  or  brushwood,  to  secure  the  young  plant 
in  it^  against  injury  from  animals. 

III.  Tbmdino. — The  plants  having  found  their  way  to  the  roadside, 
about  the  end  of  September,  cannot  yet  be  left  to  their  own  resources, 
but  will  require  careful  tending  for  several  years  in  reference  to  watering, 
protection  from  cattle,  weeding,  &e. 

The  plants  should  be  watered  occasionally  to  the  end  of  September,  and 
regularly  during  the  next  hot  season,  ditch  being  used  in  preference  to 
well  water,  as  the  former  contains  more  nourishment. 

The  utmost  care  should  be  taken  that  no  water  be  allowed  to  stagnate 
round  the  trees,  and  also  that  no  water  be  allowed  to  touch  the  trees 
during  the  heat  of  the  day.  , 

No  weeds  should  be  allowed  within  the  saucers  as  long  as  they  are  ne- 
cessary, t.  €.,  until  the  trees  are  at  least  two  years  old. 

Pruning  should  be  avoided  as  much  as  possible,  but  when  necessary  to 
admit  of  the  free  passage  of  traffic,  it  should  be  done  in  December  and 
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Jaonary ;  on  jonng  trees  vith  ft  pnming  knife,  wad  on  old  trees  with  a 
Mw,  the  bnnobes  being  remored  >t  t  distanoe  from  the 
stems  eqosl  to  th«r  circtuafffTence,  i.e.,  DC  =  oircnm- 
fennce  at  AB. 

The  cut  should  be  rertioal  as  at  BO,  which  b^  pre- 
Teuting  the  lodgment  of  wtter,  Baves  the  tree  from 
deoaj. 

The  section  with  a  proning  knife  ehonld  be  made  up- 
wards, and  that  with  a  saw  downwards,  care  being  taken 
to  eaoh  ease  to  incise  the  bark  right  ronnd  in  the  line 
of  section,  and  to  make  an  angular  nnder-cnt,  with  the 
Tiew  of  prerenting  injury  to  both  the  bark  and  tissue 
of  the  portion  not  requiring  removal. 
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APPENDICES. 


Appendix  No.  I. 


Ldt  of  TrHS  suitable  for  Avenues  only,  whether  in  Cities  or  Extra-Murai. 


Brief  deioriptian. 


AcacU  Sl«ta» 


Aetcia  SpecioM, 


•  • 


Aindani^lilA  Iodi««,  • 


S«et, 


Slrrisor 

SilBA, 


N(m, 


Dhoon 
Sirrin. 


Bcftd-tPM. 


Bambnaa  Arnndinaoea, 
Barringtonia  Racemo- 


sa, 


•  • 


Bombax  MaUbaricamy 


Bans, 
Caddapah, 


SCmQl, 


Bamboo. 


Cotton« 
tree. 


A  tall  handsome  tree,  yielding  a 
hard  dniable  wood,  lued  for  posts 
and  fnmitare. 

A  rapid  and  stragling  grower,  with 
handsome  {oliaf;e  imd  sweet  scent- 
ed flowers.  Yields  good  timber, 
used  for  naves  of  wheels,  pestles, 
mortars  and  fuel.  Its  seed-pods 
when  tailing  make  a  road  nntidj. 
Matures  in  20  years  witik  a  dia- 
meter of  ISincnes. 

Grows  well  and  qnicklj  ahnoat  sat- 
where,  with  beaatifnl  and  shady 
foliage.  It  attains  a  heiffht  of  from 
40  to  60  feet,  with  a  <uiameter  of 
from  20  to  24  inches.  Its  timber 
thong^  brittle  when  drj,  is  mnch 
I  used  on  aocoont  of  its  fragrance, 
for  natiTe  door-frames,  and  on  ac- 
ooont  of  the  fine  polish  it  bears 
for  joiner's  works.  The  leares 
and  bark  are  nsed  medidnallj. 
Its  white  flowers  are  hiehl j  scent- 
ed, and  from  its  bead-like  yellow 
firnit,  oil  is  extracted,  said  to  be 
fatal  to  lice.  It  matures  In  60 
years. 

This  growth  is  too  well  known  to 
.    require  description. 

Yields  rose  coloured  showy  flowers, 
and  a  dose  grained  wood,  nsed  in 
house-building,  cart  framing,  and 
for  railway  sleepers. 

This  noble  rapid  growing  tree  is 
leafless  for  some  time  each  year, 
and  matures  in  100  years,  with  a 
diameter  of  40  Inches.  Its  wood 
is  only  used  for  packing  cases,  tea 
chests,  and  camel  trunks,  and  from 
its  entire  trunk,  some  of  the  laigest 
and  safest  canoes  are  scooped  out 
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Botanicftl  name. 


NaUre 
name. 


CaByarina  Moricata,  •• 


Cedrela  Toona, 


Conocarpus  Latif  olios, 


CupresBus  Tornlosa,  • . 


Toon, 


Baklf, 


Deodar, 


Dalbeigia  Sissoo, 


Tenasserim 
Fir-tree. 


Bastard 
Cedar. 


Sissii  or 
Shisham. 


JTicaa  Elastica, 
Ficns  Indica, 


•  • 


Ficns  Religiosa, 


Gaoatchonc 
tree, 

Bnrgnd, 


? 


IndianRnb- 
ber  tree. 

Banyan. 


Pipnl, 


Popnlar- 
leaved  Fig- 
tree. 


Brief  deicription. 


VOL.   VI. — ^BBCOMP   BBRIBS. 


Grows  almost  any  where,  bnt  with 
great  rapidity  in  sandy  soil.  Is 
handsome,  large,  fir-like,  y&rv 
shady,  and  yields  a  strong,  stiff 
timber. 

Prefers  sandy  soil,  and  is  a  large, 
sightly,  shady  tree.  The  timber 
bears  a  high  polish,  and  is  a  good 
substitate  for  Mahogany  in  the 
roanufactare  of  furniture.  The 
bark  is  a  good  snbstitate  for  Per- 
nvian  bark. 

A  large  showy  tree,  whose  timber  is 
much  used  for  axle-trees  and  car- 
riage shafts. 

A  handsome  lofty  tree,  yielding  good 
timber,  though  unsuitable  for 
building  purposes  till  well  season- 
ed, as  when  first  felled  it  contains 
a  large  amount  of  torpentine. 

Grows  well  any  where  and  Tery  nu 

{)idly.  A  strikingly  beautiful  and 
arge  tree.  Wood  strong,  durable, 
close-grained,  and  much  nsed  for 
fnrnitnre.  Matures  in  80  years, 
with  a  diameter  of  18  inches. 

A  fine  large  very  shady  tree. 


One  of  the  best  Indian  trees  for 
avenues,  as  it  covers  more  area  in 
a  given  time,  than  any  other  tree. 
This  is  the  "  fig-tree  "  of  Milton's 
Paradise  Lost.  Its  timber  is 
chiefly  useful  nnder  water  for 
well-curbs,  &c.,  and  the  wood  of 
its  hanging  roots  is  nsed  for 
yokes,  tent  poles,  &c. 

A  fine  avenne  tree  growing  any- 
where, attains  a  great  size,  and  is 
very  handsome,  and  shade-giving. 
Its  wood  is  used  by  the  natives 
for  the  frames  of  carts  and  for 
door-posts.  Owing  to  its  sacred 
character  one  or  two  might  be 
planted  near  each  well  intended 
for  travellers. 

8f 
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Botanical  name. 


Natlre 
munOa 


BngUah 
name. 


Bxief  deMtiption. 


•  • 


Ficos  Yenosa, 


Garelina  Arborea, 


Goatfceria  Longifolia, 


Hardwickia  BinaUi  •• 


loga  Lacida, 


•  • 


Lagentraemia  Regina, 


Michelia  Champacai*. 


Mimoflops  EleDgi, 


•  • 


Nanclea  Cadamba,   •  # 


Nauclea  ParTifloi«y  •• 


Faknr, 


Gomar, 


Asoka, 


Vein-leav- 
ed Fig-tree. 


Ancha, 


Ta-myen, 


Yaral, 


Champa, 


Baknla, 


Enddnm, 


Iron-wood- 
tree. 


? 


A  handsome  tree  with  lots  of  shade, 
well  worthy  of  more  extenaife  nse 
in  avennea. 

A  large  straight  tree  bearing  hand- 
some flowers.  Its  wood  is  naed 
for  carriage-panels,  palkfs,  &c. 

A  handsome  tree,  with  beautiful 
foliage  and  dense  shade.  It  yields 
a  wM)d  naed  for  dmm  cylinden 
only. 

An  elegant,  tall,  erect  tree,  yielding 
a  wood  used  for  posts,  piles,  and 
for  ornamental  tnmeiy. 

A  rapid  growing  tree  attaining  a 
ereat  height,  with  magnificent 
shady  foliage  and  sweet  scented 
blossoms.  It  yields  the  iron-wood 
of  Bormah. 


A  large  tree.  Teiy  ornamental  whe» 
covered  with  Inxariant  pnrple 
blossoms.  Its  timber  is  moch 
used  for  boats,  carts,  honse-bnild- 
ing,  &c. 

A  large  tree  with  handsome  foliage 
and  flowers,  attaining  in  places  a 
girth  of  50  feet  Its  wood  takes 
a  beaatifal  polish,  and  makes 
handsome  tables. 

A  very  ornamental  tree,  noted  for 
beantifQl  foliage  and  frag^rsot 
white  flowers.  The  wood  takes 
a  good  polish,  and  is  nsed  for  fnr- 
nitnre  and  honse-bnilding. 

A  tall  fine  looking  tree  with  or- 
ange oolonred  Mossoms,  some- 
times reaching  80  feet  in  height 
and  12  feet  in  girth.  Its  wood  is 
nsed  for  fnmitnre  and  boilding 
pnrposes. 

A  large  tree  vieldins  a  fine-grained 
wood,  naed  for  flooring  planks, 
packing  boxes,  and  cabinet  pnr- 
posea. 
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Botuiokl  wmmtt 


NatiTe 


BngUah 


Bri6f  dMRl|ltiOIla 


Pongamia  Glabra,    •  • 


PtorocarpnB   Marsn 
piam,  • 


Pterospennnm    Aceri- 
foliam. 

Potranjiya      Boxbnr- 
gbu, 


Sonnermfcia  Apetala, 


Terminalia  Bderiea, . . 


Thespesia  Fopnlnea, . . 


Knnmj, 


Bejasal, 


? 


Jeapota, 


Khonra, 


Bahtea, 


ParoB, 


? 


Portia-tre6. 


Attains  the  height  of  40  feet,  with 
eyergreen  ahiniiig  foliage.  Its 
wood  is  used  for  solid  wheels  and 
f  ael.  Its  bonghs  and  leaves  make 
goodmannre. 

A  beantif  ol  large  tree,  yielding  wood 
moch  need  for  carts,  hoose-bnild- 
ing  and  railway  sleepers. 

A  lofty,  handsome,  shady  tree.  Its 
wood  is  as  yaloable  as  Teak. 

A  large  and  shady  tree  with  straight 
erect  tmnk.  Its  wood  is  well 
snited  for  turning. 

A  large  and  elegant  tree.  Its  wood 
is  used  for  beer  and  wine  packins 
cases,  and  for  rongh  honse-bnilct 
ing  purposes. 

A  Terr  large  tree,  with  a  stnueht 
trunk  and  spreading  head,  yield- 
ing flowers  with  a  peculiar  ofEen- 
siye  smell.  Its  timber  is  not 
used  in  carpentry. 

A  handsome  tree.  ^  When  produced 
from  cuttings,  it  grows  rapidly, 
but  yields  a  hollow  trunk  nt  for 
firewood  only ;  when  produced 
from  seedlings,  its  wood  is  com- 
pact and  strong^,  and  fit  for  gun- 
stocks  and  furniture. 
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Appendix  No.  II. 
List  of  Trees  suitable  far  both  Avenues  and  Tapes, 


Botanical  name. 


Natire 
name. 


English 
name. 


Brief  descrijytion. 


Artocarpns    Integrifo' 
lia, 


Eantnl, 


Artocarpns  Lacoocha,      Barhnl, 


Baraia  Latifolia, 


Jack-tree. 


Monkey- 
Jack. 


Mahwah, 


Dillenia  Spcciosa,     . 


Chnlto, 


Emblica  Officinalis,  . 


Indian  Dil- 
lenia. 


Aonla, 


? 


Feronia  Elephantnnii 


Kaitha, 


Wood  apple 


A  rapid  grower,  handsome,  and  at- 
taining a  great  site.  Its  fniit  is 
mnch  esteemed  bj  the  natives,  and 
its  wood  is  used  for  famitore,  mo- 
sical  instmmente,  &c. 

Yields  an  orange  coloured  edible 
fmit,  and  a  wood  much  oaed  for 
the  construction  of  canoes.  From 
its  roots  a  yellow  dye  is  obtained. 

Likes  a  dry  soil  on  table  land,  and 
attains  a  large  size  when  detach- 
ed. Its  white  sweet-scented  flow- 
ers are  dried  and  eaten,  and  from 
its  frnit,  a  yalaable  spirit  is  ex- 
tracted, and  also  a  mnch  naed  oil 
It  attains  a  height  of  from  50  to 
60  feet,  with  a  diameter  of  aboat 
4  feet,  and  its  heart  wood  is 
hard,  close-grained,  heavy  and 
durable. 

A  tall  ornamental  tree,  with  laige 
fragrant  white  flowers.  It  yields 
a  snb-add  edible  fmit.  and  a' wood 
mnch  used  for  building  and  for 
gun-stocks. 

A  large  ornamental  tree,  yielding 
the '  Myrobalan '  fmit,  and  a  dur- 
able wood  used  for  eun-stocks. 
furniture,  boxes,  &c  It  is  usefol 
for  well-curbs,  as  it  does  not  de- 
cay under  water. 

A  tall  handsome  tree,  jp^ielding  a 
hard-shelled  edible  fruit  From 
the  bark  is  manufactured  '  East 
India  Gum  Arabic'  Its  wood  is 
hard  and  compact,  and  is  used  for 
t>uilding,  for  carts,  and  also  for 
railway  sleepers. 
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Botanical  name. 


Natlra 
name. 


English 
name. 


Brief  deeeripfcion. 


Ficos  Glomerata, 


•  • 


Mangifera  Indica,     • . 


SjzjgiQm  J  a  m  b  o  1  a< 


nnm, 


Tamarindns  Indica,  .. 


Terminalia  Chebnla,.. 


Gulnr, 


Glomerated 
Fig*tree. 


Am, 


Jamun, 


Imlf, 


Hnlda, 


Mango. 


Tamarind. 


Wide  spreading  and  shady.  De- 
lights In  moist  soils,  and  yields 
an  edible  frnit  Its  wood  is  dur- 
able nnder  water,  and  is  mnch 
nsed  for  wcU-cnrbs,  bat  is  useless 
for  other  purposes. 

Does  not  thrive  in  wet  clayey  soil ; 
wide  spreading,  handsome  and 
yery  shady.  Yields  a  well-known 
edible  frait,  and  its  wood  though 
weak,  and  inferior,  is  much  used 
for  planks,  door-fzames  and  fur- 
niture. 

Thrives  best  in  rich  sandy  soil.  Is 
a  tall,  handsome,  stately  tree,  and 
yields  a  much  prized  plum-like 
fruit.  The  wood  is  very  durable 
nnder  water,  and  is  also  used  for 
fuel. 

Grows  anywhere,  though  very  slowly. 
When  full  grown,  is  one  of  the 
handsomest  and  largest  trees  in 
India,  and  yields  a  marketable 
fruit,  and  valuable  wood,  used  for 
brick-burning,  and  the  manufac- 
ture of  charcoal.  li caches  n:atu- 
rity  in  200  years,  with  a  diameter 
of  20  inches. 

A  beautiful,  lofty  tree,  with  hori- 
zontal branches  growing  in  tiers. 
Its  fruit  and  galls  are  nsed  by 
dyers,  and  its  wood  for  house- 
building purposes. 
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Appendix  No.  III. 


List  of  Trees  suitable  for  sheltered  positions  in  City  and  other  Avenues. 


Botonieal  name. 


Native 
name. 


Bauhinia  Variegata,.. 


Cathartocarpus  Fistola, 


Millingtonia  Hortenaifl, 


Moringa  Fterygosper- 


ma, 


Eachnar, 


Amaltas, 


Angnjf 
Bakaifl. 


Saijnali, 


English 
name. 


Forging 
Cassia. 


Ck>rk-tree. 


Brief  deMripUcm. 


This  small-slEed  tree  presenta  a 
lovely  appearance  when  ooTered 
with  pretty  lilac  flowers.  Its 
hard  and  ebony-like  wood  is  nse- 
f ol  for  f omitore  only.* 

Very  ornamental  and  shady,  asd 
truly  beautiful  when  covered  with 
laburnum-like  scented  yellow  blos- 
soms. It  however,  never  attains 
a  vexT  large  sise,  bat  its  wood  Is 
suitable  for  fumitore. 

A  rapid  growing:  handsome  tree, 
with  lovely  fmiage,  and  white 
scented  flowers.  It  yields  a  soft 
wood,  useless  except  for  fuel,  is 
short  lived,  and  is  apt  to  be  iiyor- 
ed  by  storms. 

Grows  rapidly  into  a  handsome  tall 
shady  tree,  easily  broken  by  high 
winds.  Its  wood  is  useless,  bat 
the  young  roots  yield  a  good  sob- 
stitute  for  horse-radish. 
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Appendix  No.  IV. 
List  of  Trees  unsuitable  for  Avenues, 


Botanical  name. 


Katire 
name. 


Bn^litfa 
name. 


Brief  deioriptionf 


Acacia  A»bica, 


• » 


Bab6l, 


Gain-Ara- 
bic-tree. 


Ailanthus  Excelsa,    . . 


Urrer, 


Botea  FroDdosa,        • . 


Dbak, 


Grows  rapidly  in  most  places,  and 
appears  to  prefer  the  poorer  soils. 
Is  not  very  shady,  and  attains  the 
height  of  from  80  to  85  feet,  with 
a  diameter  of  2  feet  It  scatters 
thorns  on  a  road,  and  soon  creates 
a  j  angle  from  the  seeds  it  spreads 
aboat  Its  wood  is  hard,  compact, 
and  dorable,  and  is  mach  nsed  for 
carts,  ploughs,  mills,  tent-pees, 
&c.  Its  bark  is  nsed  as  a  tan  for 
leather,  and  it  yields  a  gam  some- 
what inferior  to  that  of  the  Egyp- 
tian thorn.  It  is  sometimes  sown 
on  impoverished  soil,  subject  to 
inundations,  as  a  substitute  for 
ordinary  crops.  By  the  time  that 
silt  renovates  the  soil,  the  bab6l 
jungle  is  fit  for  selling,  and  the 
cultivator  thus  derives  more  pro- 
fit than  if  he  had  left  the  umd 
fallow. 

Rapid  in  growth,  and  shady  when  in 
foliage,  but  when  leafless  is  very 
unsightly,  owing  to  its  being  full 
of  the  cobweb-like  habitations  of 
some  catterpillars.  Its  light  and 
perishable  wood  is  nsed  for  scab- 
bards, &C. 

Grows  almost  anywhere,  and  is  often 
chosen  for  avenues  on  account  of 
its  deep  red  and  orange  coloured 
flowers.  It  is  small  in  size,  and 
its  gnarled  wood  is  best  fitted  for 
firewood,  though  from  its  fibre  is 
twisted  a  very  strong  durable 
rope.  It  also  yields  the  favourite 
eunpowder-charcoal,  and  from  its 
flowers  is  manafactured  a  bright 
yellow  dye. 
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Botanical  name. 


Native 
name. 


Bngliah 
name. 


Brief  deeoipiion. 


Cordia  Myxa,  •  • 


Erjrthrina  Indica,    •  • 


Melia  Azadarach,    .  • 


Moras  Indica, 


Lasora, 


Dol  Dhak, 


Bakain, 


Shah-tat, 


Coral  tree. 


Persian  Lv 
lac. 


Molberiy, 


Though  a  rapid  grower,  ia  not  a  soit- 
able  tree  for  avennes. 

Grows  to  no  great  height,  yields 
a  profusion  of  scarlet  bloesoma, 
and  produces  a  soft,  light  wood, 
from  which  toys,  scabbards,  &c, 
are  commonlj  madei 

A  highly  ornamental  rapid  grower, 
yielding  Inxuriant  lilac  Sowers, 
bat  leafless  for  many  months,  and 
easily  broken  by  high  winds.  Its 
wood  is  osef al  for  Ught  famitnro 
only. 

Large  sized  and  rapid  growing,  bnt 
bare  of  leaves  for  several  months 
each  year.  Its  leaves  are  a  fa- 
voorite  food  for  silk  worms.  It 
yields  an  edible  froit,  and  its 
yellow  compact  wood  is  much  used 
for  taming,  and  for  boming  pur- 
poses. 


E.  A.  P. 
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No.  CCXLV. 


GRAPHIC  DIAGRAMS  FOR  STRENGTH  OF  TEAK 

BEAMS. 

[  Vide  Plates  XLVL  to  L.  ] 


Bt  GuiLYORD  L.  MoLBBWORTH^  Esq.j  CdtuuUiuff  Engineer  to  Govt, 
for  State  BaUwaye. 


Thb  yalae  of  graphic  diagrams  for  practical  use  is  too  weU  known  to 
require  any  remark. 

The  diagrams  accompanying  this  note  were  saggested  by  Mr.  E.  Her- 
bert Stone's  nsefol  book  of  "  Formnlse  and  Tables  for  facilitating  the 
Calculation  of  Teak  Beams,"  but,  as  in  that  book,  separate  diagrams  are 
employed  for  each  span,  and  those  diagrams  involye  curred  lines,  it 
occurred  to  me  that,  by  expressing  the  formulas  in  terms  of  the  ratio  of 
the  depth  to  the  span,  the  formulao  might  be  simplified,  and  one  diagram 
would  suffice  for  all  spans ;  and  also  that  by  making  the  scale  for  spans 
proportional  to  the  square  of  the  span,  instead  of  directly  as  the  span, 
the  curyes  might  be  replaced  by  straight  lines.  The  diagrams  were  origin 
nally  prepared  for  teak  beams,  but,  in  order  to  make  them  more  generally 
useful,  I  have  added  a  set  of  scales  for  other  timber,  and  it  will  be  easy 
to  construct  for  any  other  timber,  not  given,  scales  applicable  to  the 
diagram  for  teak. 

I  hare  thought  it  desirable  to  give  diagrams  for  beams  ha^ng  a 
breadth  one-half  of  their  depth,  as  well  as  for  those  haying  a  breadth  of 
two-thirds.  My  reason  for  giying  diagrams  of  the  former  proportion  is 
because  although  the  latter  proportion  is  better  for  a  beam,  it  is  frequently 
found  economical  to  cut  two  beams  from  a  square  balk,  which  cannot  be 
effected  wiUi  the  former  proportion. 
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There  are  three  descriptions  of  diagramf 

1.  For  Transyerse  Btrength. 

2.  For  Stiffness. 
8.     For  Weight. 

The  diagrams  of  transverse  strength  and  stiffness  are  to  be  used  to  de- 
termine the  depth  of  the  beam :  that  diagram,  which  gives  the  lowest 
load  as  its  result,  being  adopted ;  for  a  beam  may  have  sufficient  trans- 
verse strength,  and  be  deficient  in  stiffness,  or  vice  vend. 

The  diagram  for  weight  is  intended  to  show  at  a  glance  how  much  the 
load  is  increased  by  the  weight  of  the  beam  itself ;  the  scale  for  the  smaller 
spans  is  10  times  as  large  as  that  for  the  larger  spans ;  the  scale  of 
spans  in  the  diagrams  for  transverse  strength  and  stiffness  is  in  proportioa 
to  the  square  of  the  span ;  whilst  the  scale  of  spans  in  the  diagram  for 
weight  is  as  the  cube  of  the  span ;  the  diagrams  for  transverse  strength 
are  based  on  the  assumption  that  the  load  is  to  be  evenly  distributed  over 
the  length  of  the  span,  with  the  factor  of  safety  of  10. 

The  diagrams  for  stiffness  are  based  on  the  assumption  that  the  load, 
evenly  distributed  over  the  length  of  the  span,  should  not  produce  a 
deflection  exceeding  ^th  of  an  inch  per  foot  of  span.  As  a  rule,  the  dia- 
grams for  transverse  strength  should  be  used  for  deep  beams,  whilst  those 
for  stiffness  should  be  used  for  shallow  beams;  but  there  are  exceptions 
to  this  rule,  when  the  modulus  of  elasticity  is  proportionally  very  low  in 
comparison  with  the  modulus  of  rupture;  in  such  a  case  the  diagram  of 
stiffness  must  be  used  for  all  depths  within  the  limits  of  the  diagram. 

In  the  case  of  the  majority  of  timbers,  there  is  a  certain  depth  at  which 
the  formula  for  stiffness  gives  the  same  results  as  that  for  transverse 
strength.  I  have  termed  this  the  <<  limiting  depth,"  and  shown  it  ap- 
proximately for  each  kind  of  timber  on  the  sheet  of  scales;  for  depths  ex- 
ceeding this  ''  limit,"  the  diagrams  for  transverse  strength  are  to  be  used, 
and  for  depths  below  this  limit,  the  diagram  for  stiffness  must  be  used. 

The  formula  adopted  in  the  construction  of  the  diagrams  are  as 
follows  :— 

L  =  Safe  load  in  Ifos.  distributed. 

8  =  Clear  span  of  beam  in  feet. 

d  s=  Depth  of  beam  in  feet. 
h  =  Breadth  of  beam  in  feet. 

N  =  Number  of  times  the  depth  is  contained  in  the  span  =  -^. 

T  =  Modulus  of  rupture ;  being  the  breaking  weight  applied  at  the 
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centre  of  r  beam  12  mdies  long  and  1  incli  sqtiaxe  sapported 
Rt  both  endfl.  Fo^  rallies  of  T,  see  Table  No.  1. 
£  =s  ModnluB  of  elasticity ;  or  that  load  which  if  applied  to  the  centre 
of  R  beRm  1  foot  long,  Rnd  1  inch  sqnRrSi  sapported  Rt  both 
ends,  will  produce  r  deflection  of  1  inch.  For  values  of  E,  eee 
Table  No.  2. 

Ev  =  Goe£Bcient  of  transrerse  strength  ss  0*1  ^-|r)  for  beams  whose 
breadth  =  |  depth. 

=  0-1888  (-jf^y  for  beams  whose  breadth  =  f  depth. 

K^  =  Coefficient  of  stiffiiess.    See  Table  No.  4. 

s  *02  (j^)  in  beams  whose  breadth  =  ^  depth. 

s  -02667  (-^ )'  in  beams  whose  breadth  =  )  depth. 

W  =  Weight  in  fibs,  of  a  bcRm  whose  length  is  equRl  to  the  span. 
w  =  Weight  in  &s.  of  a  cnbic  foot  of  timber.    See  Table  Mo.  3. 
k  =  Coefficient  of  weight  varying  with  depth  of  beam* 

0*5 

s  ^ ,  for  beams  whose  breadth  is  |  their  depth« 

=  -=—  I  for  beams  whose  breadth  is  |  „      ,, 

L  =  S*  X  T  .  K^ ,  for  transverse  strength. 

L  =  S*  X  E  .  K,,  for  stiffness. 
W  =  B»  *  .  «7. 

In  Table  No.  8, 1  have  given  the  scientific  names  of  the  timber,  in  or- 
der to  identify  the  character,  as  many  species  which  are  wholly  distinct 
from  each  other  have  the  same  popalar  name. 

As  the  modnlas  of  rapture  and  elasticity,  and  the  weight  of  timber 
varies  considerably,  according  to  different  authors,  I  have  thought  it  de- 
sirable to  add  tables  of  these  data,  as  given  by  different  authors,  and  also 
those  which  I  have  adopted  in  the  construction  of  the  diagrams  and  scales, 
and  in  order  to  facilitate  the  calculation  of  diagrams  for  other  timbers  than 
those  given  in  the  sheet  of  scales,  I  have  added  a  table  of  coefficients. 
Table  No.  1,  gives  the  values  of  T ;  or  modulus  of  rupture. 
„     No.  2,       „         values  of  E ;  or  modulus  of  elasticity. 
„     No.  8,       „        weight  of  timber  of  different  kinds,  or  w. 
„     No.  4,       „         values  of  T  •  E^  and  E  .  Eg,  or  the  coefficients 
of  transverse  strength  and  stiffness  of  different  kinds  of  timber,  multiplied 
by  their  respective  moduli  of  rupture  or  elasticity,  as  the  case  may  be. 
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Table  No.  1. 

Value  ofT;or  Modulus  of  Rupture^  being  the  breaking  toeight  applied 
to  the  centre  of  a  beam  12  inches  Umg  and  1  inch  aquarCf  supported  at 
both  ends. 


Adopted 


Barlow 
From    To 


RanUne 
From     To 


RoMtoe 

TnatlM 

Btom    To 


Molaa- 

wortb 

Ftom    To 


•  • 


Jtfrah,  ••  •• 
Johoreteak,  •• 
Paloo, 

Iron-woody  (Oeylon,) 
Satin  wood, 
841, 

Palmyra,  .. 
Babool,     •  • 
Halmilille, 
Iron-wood,  (Bnnnali}, 
Teak, 

Sissoo,  ••  •• 
Jack, 

Ash,         •  •        •  • 
Noeni«       •  •        •  • 
MiUUe,     .. 
Ebony,  (Oeylon),.. 
loLeo,         •  •        •  • 
Oak,  (Himalayan,) 
Foon,       ••        •• 
^Oheer,      •  •        •  • 
Birch,       •• 
Mahogany,  (Hondoras,) 
Coooanat, . .        •  • 
Oak,  (British,)    .. 
Mango,     •  a        •  • 
Cheatnnt,.* 
Oak,  (American  red,) 
Beech,      •  •        . . 
Toon, 
Spruce  fir. 
Deodar,    •• 
Sycamore,*  • 
Memel,     •  • 
Oak,  (Dantcic,) 
Bed  pine,  .  • 
Cedar  of  Lebanon, 
larch,      •  •        • , 
Bhm, 


•  • 


•  • 


1124 

1077 
1050 
1040 

950 
9a6 

880 

880 

844 
836 
800 
760 

750 
750 
736 
711 
71a 
72a 
670 
640 
630 

630 

608 
608 

59» 
590 
576 
570 
560 
560 

55* 

533 
500 

490 

450 

450 
400 

370 


•  • 
820 

•  • 

668 

740 

6*79 

•  • 

358-753 

•  • 

5»9 

•  • 

•  • 

577 
383-486 

443 

278*383 
3*9-403 


1 124 
1077 
1050 

994 
1044 

905-1 150 

8x6 

•  • 

844 

•  • 
640-820 


611 
667-778 

•  • 
772 
722 
722 

•  • 

739 

•  • 

550 
639 

555-7*7 

•  • 

59» 
589 
500-667 

•  • 

530-633 

•  • 

533 

•  • 

487 
394-530 

4" 
277-556 

333-538 


•  • 


•  • 


94* 

•  • 
870 

769-880 
944 
876-884 

784 
836 

683-814 
706^7 
788 

•  • 
7*0-752 

•  • 

730 
670 
612 

582-735 


•  • 


608 


•  • 


560-682 


•  • 


•  • 


560 

45*^55 


I  • 


•  • 


•  • 


•  • 
1000 
1033 

•  • 

•  ■ 

697-703 

•  • 
610 

'667-1000 

•  • 

633-643 

55«-^33 

•  • 

533^3 

•  • 

590 

•  • 
400^167 

496 


•  • 


447 
•  • 
400-510 

433-477 
443-553 
257-366 


■  • 
703 

67s 


6si 

•  • 
643 

573 

•  • 

sis 


S6* 
S>9 

•  • 

449 

•  • 

449 
506 

498 

445 

261 


*  There  la  an  order  of  the  Panjab  Qovemment  against  the  nae  of  Cheer  on  aooonnt  of  Ita  UaMUtr 
to  map  niddenljr. 
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Table  No.  8. 
Weight  of  Timber  in  lbs,  per  cubic  footf  or  vaXrit  of  w» 


Adopted 


W 


Barlow 


Baa- 
kina 


Roorkee 
Treatiae 


Uolea- 
worth 


SUmtf 


Ottny 


JTarrah,  {Eiieahptu§  Marffinataf) 
Johore  teak,  {paho^      •  • 
Paloo,  {^Mimu»op$  Setfandray),, 
Iron-wood,  {Metua  Nagaha^)   • . 
Satin  wood,  {^ChloroayUm  Swie- 

tenia,) 

StA,{Shorealiobuttay)  ••        .. 
Palmyra,  ^2fora$9ui  PlaheUifor* 

■•w,) 

Babool,  (  Acacia  AraJtiea^ 

Halmililie,  (Berrya  AmnumiUa,) 

Iron-wood,  Buimab,  (^Inga  Xylih 

carpa,) 

Teak,  (  Teeiona  Orandis^) 
Siaaoo,  {^Dalbergia  SUioo,')  •• 
Jack,  (ArtocarpuB  IwtegrifcUa^ 
Ash,  (/¥curi»tM  Exeeliior,)  •  • 
Neem,  {Atttdaraehta  IntHea,)  .  • 
MUiUe,  (  Vitew  A  UiaHma,) 
'Ehonj,  ilHatpjfros  Ebenus,')  • . 
Bf  ee,  (Bassia  Zongifolia,')  .  • 
Oak,  Himalayan,  (^M^CMti^Mit- 

earpi/oliOf^ 

Poem,  {CaiophglhtmAngustifoHum) 
Cheer,  (Pinus  LonaifoUa^)       •  • 
Birch,  (Btffitl<»  il/ja,)    ••        •• 
Mahogany ,(  SwieUniaMahagoniy) 
Cocoannt,  (  Coeo9  Nueifera,}     •  • 
Oak,  Britiflh,(  Quereui  SestiHJlora) 

and  Quereus  Rohur,)  •  • 
Mango,  {Mangi/era  Jndiea,') 
Chestnut,  (flattanea  Veica,^    •• 
Oak,  American  red,  (Quercua  J?m- 

ira,) 

Poplar, 

Beech,  (Fagus  ByhaHca,)        •  • 

Toon,  (Cedrela  Toona,)  •  •         • . 

Spmce  Fir,  (^Abiei  ExetUa^    • . 

Deodar,  (Cednit  JDeodaraS 

Sycamore,   (^Aeer    PteuathPlat' 

anus,)   ••        

Memel,  {Pinui  SilvuMSf)       .  • 

Oak,  Dantiic,  iQuercus  SeuUi" 

fiora,)    ..        

Red  Fine,  (Fimw  iSi/v0««ri#,)  .. 
Cedar  of  Lebanon,  (pedrus  Li- 

hani,)    ••        ••        ••        •• 

Larch,  (£tfri>  European)  •  • 

Elm,(UZmM  CampettrU,) 


•  • 


•  • 


•763 
•68a 
•65a 

•634 


59 
66 

69 
7' 


75060 


•750 

•693 

•833 
•900 

•776 
i<ooo 

•865 

1^72 

X'OOO 

•900 
•804 
•625 

•750 


i*ai6 
1-500 


60 

65 

54 
50 

58 
45 
5a 
4a 
45 
50 
56 
7a 
60 


•  ■ 


46-47 


•  • 


•  • 


•  • 


1*285 
•643 

•900 
I  •072 
i«i85 

•958 
I- 1  S3 
1*046 

i'4S« 
1*406 

1364 

1*125 
1*285 

.978 
1*125 


37 
30 

45 

35 
70 

50 
4* 
38 

47 
39 
43 
3> 
39 

33 

40 
35 

46 
40 


X'Soo 
1*323 
1*250136 


44-48 


•  • 


•  ■ 


•  • 


35-37 

■  • 

39-49 


•  • 


•  • 


47-62 


59 


•  • 


68 

72 

55 

60 

65 
4« 


•  • 


41-55 

•  • 

42 

47 

•  • 

S6 

7' 
61 


36 

44 
35 


•  • 


•  • 


30 
34 


39-44 

•  • 
37 

44-49 
4i-4» 

•• 
30-36 
33-37 


43-6a 

•  • 

33 


70 

•  • 

60 

55 

65 

54 
50 

58 

4a-4S 

SO 

44 

•  • 

50 


60 


43 
30-44 


37 


45 

70 

•  • 
4a 


31 


62-70 


7« 
60 


•  • 


•  • 


■  • 


46-54 

•  • 

4a 
4a-47 


74 


a7-34 
44-45 
35 


48-58 
38' 


59 
62 


•  • 


37-5* 
55 


•  • 


•  • 


•  • 


50 


40 


35 


t  • 


50-55 


43 


■  • 


30-44 

31 

31-35 

34 


3a 

31-35 


•  • 


34 


47 


•  • 


45 
35-53 


5'-5a 
41 


•  • 


39 

50 


36-41 

30 
34 
34-36 


40 
34-35 


48 


31-41 


•  t 


48 
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Tablb  No.  2. 

Value  of  El  or  Modulus  of  Elasticity  ^  being  that  load  which  will  pro^ 
duce  a  deflection  of  1  titcA,  if  applied  at  the  centre  of  a  heam^  1  Joot  long 
and  1  inch  square^  supported  at  both  ends. 


3 


Bartow, 


Banklme. 


Janrah, 

Johore  teak,       •  •        •  # 
FaloOy     ••         ••        •• 

Iron-wood,  (Ceylon,)    . . 
Satin  wood,       •  •        •  • 

Sal,         

Palmyra,*  •        ••        •• 

Babool^  ••         ••        •• 

Halmiblle,         •  • 
Iron*wood,  (Bnrmah),  •• 

Teak 

Biflsoo, • 

Jack, 

Ash,        

Neem,     ••        ••        •• 

Milille 

Ebony,  CC«ylonj) 

Mee,       

Oak,  (Himalayan,) 

Food, 

Cheer, 

Birch,     ••        ••        •■ 

Mahogany,  (Hondnraa,) 
Cocoannt,  ••        •• 

Oak,  (Britiab,)  •• 
Mang(^    •  •        •  •        •  • 

Chestnnt,  •  •        •  • 

Oak,  (American  redO  •• 

Beedi, 

Toon,      ••        ••        •• 

Spmce  fir^         •  •        •  • 

Deodar,  ••        ••        •• 

Svcamore,         ••        •■ 
l&emel,   •  •        •  •        •  • 

Oi^,^DantsicO  •• 
Red  pine, 

Cicdar  of  Lebanon,       •  • 
Larch,     ••        ••        •• 

Elm,   


•  • 


1700 

•  • 
4800 
6000 
5200 
4800 

57«> 

4150 
3000 

4300 
5000 
3800 
4100 
3600 
1900 
4700 
3>oo 

3700 

•  • 

3500 
4000 
3600 
3100 
3600 
3100 
3400 
3400 

4SO0 

3«oo 
3100 

3300 
35«o 
2100 

5$f?  3479-3854 

3»oo|   4240 
1000   ,01a 

1419-2436 

i4S8-»9SO 


S563 

•  • 

3790 

4077 
3600-3978 

1863-4033 
3119 


8678 

5615 

597* 
6250 

504a 
6505 

•  • 

a34S 

•  • 

4398-6481 

•  • 
4190 

3333 

•  • 

4630-47sa 
3*48 

435s 


•  • 


2100 
2000 


3437 
2615 

•  • 
2500 

8375 

4479 
2813 

•  • 

3917-3750 

•  • 

3167 


•  • 


•  • 


3043-3958 

•*834 
3793 


187C-3834 
M58-: 


^ 

Roorkea 
Tnatbe. 

1 

8ftOD«J. 

•  • 

•  • 

•  • 

3948 

•  • 

•  • 

■  • 
•  • 

•  • 

■  • 

•  • 

4163 

•  • 

•  • 

4309.4963 

•  • 

•  • 

4904 

•  • 

•  • 

4111-4186 

•  • 

•  • 

3836 

•  • 

•  • 

4*83 

•  • 

•  • 

3978 

•  • 

5589 

3516-4033 

•  • 

•  • 

4030 

•  • 

•  • 

•  • 

3796 

a«o7 

3673-3183 

•  • 

•  • 

•• 

•  • 

•  • 

•  • 

•  • 

•  « 

3174 

•  • 

•  ■ 

•  • 

•  • 

•  • 

»944  ^ 

•  • 

39" 

3673-4668 

■  • 

•  • 

•  • 

•  • 

3807 

•  • 

3694 

3694 

3605 

•  • 

•  • 

•  • 

3935 

302S-3358 

31 30-3710 

•  • 

•  • 

t  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

3i>3 

3133 

2684-3568 

•  • 

•  • 

3205-39a5 

•  ■ 

•  • 

■  • 
•  • 

■  • 

•  • 

•  • 

•  • 

•• 

•  • 

•  • 

•  • 

«757 

•  • 

4667 

a778-4aS9 

•  • 

•  • 

•  • 

•  • 

3486 

'4a7-a437 

•  • 

3103 

1630 

Isf 

III 

111 
111 


2   'i  a 
Q    -  3  j 

8  ii  \ 

"'11- 


I  111 
■"i 


^1- 

6    «  I 


I 


.* 


<  oq 


® '« 


r 


o  ^ 


c  2.  o 


9«  ;»•" 


2  Ci: 


a    -  ; 


^   g|  8"    to 


r! 


mm    a 


r 


i 

1. 1 


D   Sena's  1 


M 

m 

-< 
•-« 

I 


M 
M 

H 


H 

U 

o 

M 
O 


PS 


1 


1 

L 

B 

1 

B 
t 

B 
0 

e 
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No.  CCXLVI. 

DESCRIPTION    OP    A    LIME    KILN    USED    ON  THE 
SUPPLY  BRANCH,  LOWER  GANGES  CANAL. 

inde  Plate  U.] 


By  W.  Good,  Esq.,  Exec,  Engineer,  Bhongam  Division. 


The  kilns  are  meant  to  barn  lime  with  firewood,  and  can  be  bnilt  to  con- 
tain from  500  to  5,000  cnbic  feet  of  lime  each. 

The  expenditnre  of  fuel  is  from  1,150  cnbio  feet  to  1,800  feet  tolerably 
dry  firewood  per  1000  cnbio  feet  of  nodnlar  kankar  loaded,  and  lime  can 
be  tnmed  ont  in  from  4  to  5  days,  inclading  time  required  for  loading. 

The  method  of  loading  is  as  follows :— * 

The  fines  haying  been  filled  with  tipla  are  covered  oyer  by  dry  bricks; 
abont  18  inches  deep  of  firewood  is  then  laid  horizontally  oyer  the  floor  with 
the  length  of  logs  radiating  towards  the  centre  of  kiln,  and  closely  packed. 
After  this  alternate  layers  of  nodnlar  kankar  and  wood,  each  12  inches 
deep,  are  pat  in.  In  the  centre  of  kiln  a  little  pillar  of  lipla  of  about  1^ 
feet  diameter  is  bnilt  np  at  the  same  time  as  the  layers  of  kankar  and 
firewood,  and  a  row  of  single  logs  of  wood  is  also  laid  vertically  all  round 
between  kankar  and  side  wall  of  kiln.  The  top  of  last  layer  of  wood  is 
flush  with  top  of  kiln,  and  the  last  layer  of  kankar  appears  above  it,  but 
as  soon  as  firing  has  commenced  it  sinks  rapidly. 

All  four  flues  are  set  on  fire  at  once  at  their  heads,  and  the  fire  passes 
on  easily  and  quickly  along  the  flues  to  the  centre,  where  it  lights  the 
pillar  of  uphf  and  communicates  through  it  with  all  the  successive 
layers  of  firewood. 

As  the  kiln  itself  is  bnilt  for  the  most  part  of  sundried  bricks,  its  origi- 
nal cost  does  not  exceed  Rs.  2  to  8  per  100  cubic  feet  of  its  capacity.  The 
loading  costs  8  annas  per  100  cubic  feet,  and  the  outturn  in  lime  is  from  80 
to  85  per  cent,  of  kankar  loaded,  the  balance  being  underbumt  or  bajri, 

W.G. 
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